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Este trabalho teve por objetivos desenvolver um protocolo de regeneração por 
organogênese indireta e um protocolo de transformação genética para o clone 
BRS07-01 de E. urophylla, além de identificar e caraterizar uma bactéria endofítica 
isolada deste clone e avaliar sua interação com a Agrobacterium tumefaciens. Com 
relação a organogênese, a melhor taxa de regeneração (85.6%) foi observada 
quando os explantes foram primeiramente cultivados em meio de indução de calos 
WPM suplementado com 0.5 µM de TDZ e 0.5 µM de ANA e em seguida 
transferidos para o meio de indução de brotos com 5.0 µM de BAP e 1.0 µM de ANA. 
Após a regeneração dos brotos, a melhor taxa de enraizamento (84.0%) foi obtida 
em meio suplementado com 14.7 µM de IBA. Com base na avaliação de 56 
marcadores RAPD não foi observada variação somaclonal durante as fases da 
organogênese.  Dois agentes seletivos foram testados para aumentar a eficiência de 
seleção, canamicina e geneticina, e a concentração mínima de 50 mgL-1 de 
canamicina foi selecionada para a transformação genética. Para o desenvolvimento 
de protocolo de transformação genética, vários fatores foram avaliados como dias de 
pré e co-cultivo, presença de Acetosyringona (AS), concentrações de agentes 
seletivos, tipo de explantes e tempo de sonificação. Quando usado o explante foliar, 
a maior eficiência de transformação genética (TE) foi de 2.67%, utilizando 50 µM de 
AS no co-cultivo líquido e 100 µM de AS no co-cultivo sólido. Entretanto, a maior TE 
de 20.83% foi observada com brotações como explantes submetidos a 2 min de 
sonificação e co-cultivados com 100 µM de AS e selecionados em meio com 150 
mgL-1 de Canamicina. Durante os experimentos, observamos a presença de 
bactérias endofíticas. Após isoladas, com base na análise filogenética, dois isolados 
foram identificados como Stenotrophomonas maltophilia, uma bactéria gram-
negativa com sensibilidade a diferentes antibiótiocos, capaz de formar biofilme e 
sintetizar a auxina ácido indol-acético, que pode estar interferindo no processo e nos 
resultados de transformação genética.  
Palavras-chave: Agrobacterium tumefaciens, organogênese indireta, 







This work aimed to develop an indirect organogenesis and a genetic transformation 
protocol for clone BRS07-01 of E. urophylla, as well as to isolate and characterize 
endophytic bacteria from this clone, which could be interfering in the Agrobacterium 
tumefaciens infection process during transformation of the clone. Regarding the 
organogenesis, the results showed that higher regeneration rate (85.6%) was 
observed when the leaves explants were first cultured on callus induction medium 
WPM supplemented with 0.5 µM of TDZ and 0.5 µM of NAA and then transferred to 
the shot induction medium with 5.0 µM of BAP and 1.0 µM NAA. The best 
adventitious root formation (80.0%) was observed when plantlets were cultured on 
medium supplemented with 14.7 µM IBA. Based on 56 RAPD molecular markers we 
did not observe somaclonal variation during the organogenesis process. Two 
selective agents, kanamycin and geneticin, were tested to determine the best 
antibiotic and concentration for genetic transformation. Kanamycin at 50 mgL-1 
showed to be the most effective. For genetic transformation, several factors were 
evaluated, as days on pre and co-culture, Acetosyringone (AS), concentrations of 
selective agents, explants type and sonication time. For leaf explants, higher 
transformation efficiency (TE) was 2.67% when the medium was supplemented with 
50 µM of AS on liquid co-culture and 100 µM of AS on solid co-culture. However, the 
highest TE (20.83%) was observed when with microshoots were used as explants 
and they were submitted to 2 min of sonication, co-cultured with 100 µM of AS and 
selected on medium with 150 mgL-1 of Kanamycin. Two isolates endophytic bacteria 
could be isolated and characterized as Stenotrophomonas maltophilia. This gram-
negative bacteria, showed sensibility to different antibiotics and was able to form 
biofilm and synthetize the auxin indolacetic acid. For these reasons, we suggest that 
this endophytic can somehow be interfering in the genetic transformation of the 
BRS07-01 clone.  
Index terms: Agrobacterium tumefaciens, indirect organogenesis, Acetosyringone, 
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Planted tree industry in Brazil represents 91% of all the wood resource for 
the industry. This sector plays an important role in providing environmental services 
and represents one of the most productive sectors in the Brazilian economy as 
demonstrated by the last commercial balance from 2014, with an amount of US$ 924 
Million FOB from Pulp and Paper industry.  
Eucalyptus from the Myrtaceae family, is the major genus planted in Brazil, 
reaching a productivity over 60 m3/ha in 7 years rotation. These species represents 
71.9% of the total forestry planted area, covering over 5.56 million ha and leads 
Brazil to the largest eucalyptus pulp producer worldwide. The high adaptability and 
phenotypic plasticity within its 700 known species are among the most interesting 
characteristics of this genus. Eucalyptus urophylla, commonly found in tropical 
regions, is one of the most planted species in Brazil due its higher productivity and 
potentiality to grow in diverse regions and also due its tolerance to cancer attack of 
Cryphonectria cubensis. 
Even though the forestry sector is very lucrative, the world challenge now is 
to meet the demands for food and natural resources for the next decades. The 
United Nations foresees a global population of 9.5 billion by 2050, which will require 
a 70% increase of worldwide food production and increase of 40% of wood for 
industrial purposes and energy generation demand. This scenario will take us to 
expand billions of hectares of land for agriculture crops and trees plantation. So, it 
will directly compete with infrastructure networks and urban areas expansion, and 
also will need to face the climate challenges, which day by day are becoming more 
unpredictable and devastating.   
In this context, governments and private companies seek for technological 
innovation by combining conventional genetic breeding techniques and 
biotechnology to overcome these challenges. In the forestry sector, biotechnology 
techniques, as tissue culture, were well adapted to promote clonal micropropagation 
system and cryopreservation, and genetic engineering emerged as a powerful tool to 
molecular breeders to increase genetically improved material for plantations, and for 
a deeper understanding of the genes controlling commercially important traits. 
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Despite progress in recent decades, efforts still must be done in forest sector 
in respect of genetic improvement. This sector stills so far away from those achieved 
for crops, even that various research groups are involved and reported different 
genetic transformation protocols and attempts towards development of transgenic 
trees.  
The major traits of interest in Eucalyptus genetic enhancement via genetic 
transformation have been mainly focused on cellulose modification or biosynthesis, 
biomass increase, lignin and cellulose content modification, tolerance to biotic and 
abiotic stresses, phytoremediation enhancement, sterility and root ability. Most of the 
published reports are related to genetic transformation protocol development and 
improvement. 
Notwithstanding, some advances have been occurring in respect of 
Eucalyptus genetic transformation. From 2002 to 2011, a tree biotechnology 
company, ArborGen, conducted field testes of genetically modified Eucalyptus 
tolerant to freeze stress in Southern USA to provide an economically viable 
hardwood option in the region (authorized by APHIS - Animal and Plant Health 
Inspection Service). And recently another Biotechnology company, Futuragene 
gained the liberation to cultivate in the field a transgenic E. grandis x E. urophylla 
hybrid, which showed a high volumetric wood increase in Brazil.  
Nevertheless, the low genetic transformation efficiency is still the main 
stumbling block for Eucalyptus species, which is mainly pointed to the recalcitrance 
of Eucalyptus species. However, to achieve high efficiency on genetic transformation, 
its necessary to evaluate all the factors that can influence the efficiency. And one of 
the most important points is the regeneration method, which will allow the growth and 
recovery of the transformed explants. Normally, the regeneration method its done by 
direct or indirect organogenesis, where an organized integrated mass of cells passes 
through dedifferentiation process to form a complete new tissue/organ. Nonetheless, 
it is important to develop and optimize a successful regeneration protocol for each 
plant species or even clone with which it is proposed to work with. Other aspect 
which also may affect the genetic transformation is the nature of the explants and 
genotype susceptibility to Agrobacterium strains. 
Microorganism infections are a serious problem for in vitro tissue culture. The 
environmental its appropriate for a microorganism contamination or even to 
accentuate presence of an existing endophytic microorganism. We could observe 
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high interference of an endophytic bacterium while we were performing our genetic 
transformation experiments. The presence of this endophytic it seemed to be 
interfering on the plant growth or even in genetic transformation process, interfering 
the Agrobacterium infection.    
GENERAL OBJETIVE 
 
To obtain highly efficient organogenesis and genetic transformation protocols 
for clone BRS07-01 of Eucalyptus urophylla and to isolate and characterize 
endophytic bacteria isolated from this clone.  
 
SPECIFIC OBJECTIVES    
1. To evaluate different concentrations and combinations of citokynins and 
auxins in the callus induction medium for organogenesis of the clone BRS07-
01. 
2. To evaluate different concentrations of BAP and NAA on shoot induction 
medium to promote shoot formation in the organogenesis protocol of the 
clone. 
3. To evaluate the best combination of the callus induction medium and the 
shoot induction medium to achieve the higher regeneration rate on the 
organogenesis of the clone. 
4. To evaluate the effect of IBA on root formation of the in vitro plantlets of the 
clone.  
5. To evaluate somaclonal variation among the different in vitro stages of 
organogenesis using RAPD molecular markers.  
6. To analyze the effects of the selective agents Kanamycin and Geneticin on the 
regeneration of leaves of the clone. 
7. To evaluate different factors during genetic transformation of clone BRS07-01 
via Agrobacterium tumefaciens: pre and co-culture days, Acetosyringone, 




8. To identify and characterize endophytic bacteria isolated from clone BRS07-
01 and to evaluate their possible interference in the Agrobacterium-mediated 









CHAPTER I: High efficiency organogenesis and analysis of genetic stability in 
an elite clone of Eucalyptus urophylla 
ABSTRACT 
Genetic transformation is becoming routine for engineering stress resistance in 
recalcitrant species such as Eucalyptus. Even though, regeneration protocols are still 
bottlenecks in the protocols of transgenic plants. In functional genomics, desired 
genes are initially cloned in model plants such as tobacco or poplar before 
transformation into Eucalyptus. However, the genetic distance between the model 
and target species can influence the results. Therefore, developing a Eucalyptus 
clone with high organogenetic potential could be of interest as a model plant for such 
studies. This work aimed to develop a high efficiency in vitro organogenesis protocol 
for the clone BRS07-01 of E. urophylla in order to improve its genetic transformation. 
We also assessed genetic stability during the in vitro culture stages. Plant growth 
regulators were evaluated for indirect organogenesis and rooting. Transgenic plants 
expressing the gus gene were obtained via Agrobacterium tumefaciens and selected 
for kanamycin resistance. A RAPD analysis was performed to check for somaclonal 
variation. In a two-step protocol, the combination of callus induction media 
supplemented with 0.5 µM TDZ + 0.5 µM NAA and shoot induction media 
supplemented with 5.0 µM BAP + 1.0 µM NAA allowed up to 85.6% shoot formation. 
It also increased the number of shoots per explants. On rooting medium 
supplemented with 4.9 µM IBA, we observed 22.5% explants forming roots and over 
80% were successfully acclimatized. The clone was successfully transformed with 
the gus gene under the 35S promoter. By testing eleven RAPD primers we did not 
observe somaclonal variation on the in vitro stages evaluated.  
Keywords: in vitro regeneration, genetic transformation, Agrobacterium tumefaciens, 








Since the discovery of the totipotence and plant growth regulators (PGRs), 
tissue culture has been widely used to overcome bottlenecks or time consuming 
procedures in breeding programs and vegetative propagation techniques. In vitro 
culture is used to provide large scale clonal propagation, improve rooting, promote 
rejuvenation of selected clones, produce commercially valuable secondary 
metabolites, and as an essential tool for genetic engineering (ALCANTARA et al., 
2011; BRONDANI et al., 2012; EZHOVA, 2003; ELISSETCHE et al., 2011; 
MENDONÇA et al., 2013).  
The genomics era has enabled sequencing of specific genes and in some 
cases full genomes. However, gene sequencing alone does not disclose which 
genes are transcriptionally active in different metabolic pathways, tissues or 
developmental stages (BRITT and MAY, 2003). More recently, the field of functional 
genomics has enabled elucidation of gene functions, which has made a tremendous 
contribution to plant breeding (BARONE et al., 2008; MITSUDA and OHME-TAKAGI, 
2009). One way to validate the sequenced genes through functional genomics is 
through genetic transformation of model plants.  
Genetic transformation of model plants is a very efficient method for the 
validation of gene function. Through this, plants are transformed with the gene to be 
studied, so that overexpress or silence expression. Plants are then evaluated 
phenotypic, biochemical and physiological and compared with wild type plants to 
determine in which metabolic pathways the gene are involved (TAYLOR, 2002). 
Some species are established as model plants such as Arabidopsis thaliana 
(MEINKE et al., 1998) and rice (SHIMAMOTO and KYOZUKA, 2002). However, the 
evolutionary distance with respect to perennials can be considerable, especially 
when the goal is the study of characteristics directly linked to tree species. Currently, 
only selected Populus species are used as model plants for perennial species. But 
the genetic distance remains a challenge in using Populus species for transformation 
and regeneration protocols on other perennials such as Eucalyptus.  
However, if we were able to find a model plant in the same genus, from 
which the genes are isolated, validation would be easier to be transferred, since it 
has been observed in some studies, that expression in the plant model differed from 
that observed in the species from which the gene was isolated (BRANDALISE, 2007; 
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COSTA, 2011; RIBEIRO, 2009; RODRIGUES et al., 2013; VAUGHAN et al., 2006). 
Therefore, if we could develop a highly efficient protocol for a Eucalyptus clone, it 
could be used as a model plant for gene validation studies. 
Once genotype has a high influence on regeneration, it is important to 
develop and optimize a successful regeneration protocol for each plant species or 
even clone with which it is proposed to work with. The regeneration can be achieved 
by direct or indirect organogenesis, a complex process which relies on induction of 
meristematic activity in mature differentiated cells (GEORGE et al., 2008).  
Eucalyptus is one of the main forest genera planted globally because of its 
adaptability, rapid growth, high-quality wood  products and low cost of wood pulp 
fibers (MENDONÇA et al., 2013). As nowadays Eucalyptus represent 71.9% of 
planted forests in Brazil with over 5 million ha (IBÁ, 2015).   
In vitro organogenesis of Eucalyptus species has been frequently reported: 
E. grandis (HAJARI et al., 2006), E. urophylla (TIBOK et al., 1995), and E. grandis x 
E. urophylla (ALCANTARA et al. 2011; ALVES et al. 2004). However, Eucalyptus 
species tend to be recalcitrant, limiting the capacity of in vitro regeneration (MYCOCK 
and WATT, 2012; QUOIRIN and QUISEN, 2006; TIBOK et al., 1995; TOURNIER et 
al., 2003). We therefore set out to optimize explant regeneration of BRS07-01 clone 
of E. urophylla. This clone was chosen once it is one of the most promising materials 
of the Eucalyptus breeding program of Embrapa Forestry. It possesses 
characteristically fast growth (wood volume of 0,047 m3/tree at the 21st month) and is 
suitable for multiple uses (Estefano Paludzyszyn Filho, Embrapa Forestry researcher, 
personal communication).  
Mutations and somaclonal variations can occur during tissue culture and may 
later compromise field performance (AGGARWAL et al., 2010). This can be quite 
costly for large commercial operations (MIÑANO et al., 2009; WOLFF and PETERS-
VAN RIJN, 1993). Thus after optimizing our regeneration protocol, we screened our 
explants for somaclonal variation using the Random Amplified Polymorphic DNA 
(RAPD) technique.  
This study aimed to: (i) develop an efficient two-step in vitro organogenesis 
protocol for of E. urophylla   BRS07-01 and (ii) to evaluate somaclonal variation 




2. MATERIAL AND METHODS 
 
2.1. Plant material and culture conditions  
As explants we used leaves from shoots of in vitro grown plants of E. 
urophylla BRS07-01 clone maintained on MS media (MURASHIGE and SKOOG, 
1962) supplemented with 30 gL-1 sucrose, 0.88 µM BAP (6-benzylaminopurine), 0.2 
mgL-1 myo-inositol and 7 gL-1 agar at Embrapa Forestry, Colombo- Brazil. The pH of 
all media was adjusted to 5.8 before autoclaving for 20 min at 120°C 1 atm. All the 
cultures were maintained at 23 ±2°C in dark or 16h photoperiod, as described.  
 
2.2. In vitro indirect organogenesis 
The basal medium for indirect organogenesis was based on those described 
by Oliveira et al. (2015). Leaves were inoculated, with the adaxial side in contact with 
the media, on petri dishes with 20 mL of callus induction medium (CIM) WPM 
(LLOYD and MCCOWN, 1981) containing 30 gL-1 sucrose, 0.5 µM TDZ 
(Thidiazuron), 0.1 µM NAA (1-Naphthaleneacetic acid), 0.1 mgL-1 myo-inositol, 500 
mgL-1 PVP and 7.0 gL-1 agar  and incubated for 30 days at 23 ±2°C in dark. Explants 
were then transferred to shooting induction medium (SIM) containing WPM salts and 
vitamins, 30 gL-1 sucrose, 5.0 µM BAP, 0.5 µM NAA, 0.1 mgL-1 myo-inositol, 500 
mgL-1 PVP and 7.0 gL-1 agar, and incubated for 60 days in a growth room on 16h of 
photoperiod. 
 
2.3. Effect of Plant growth regulators on indirect organogenesis (CIM) 
In this experiment, different PGRs were tested on CIM medium to evaluate 
the most efficient combination and concentration to induce callus formation and shoot 
proliferation. We tested the cytokinins TDZ and BAP, and auxins NAA and 2,4-D 
(2,4-dichlorophenoxyacetic acid) in the following treatments (in µM) : T1: 0.25 TDZ + 
0.1 NAA; T2: 0.5 TDZ + 0.1 NAA; T3: 0.75 TDZ + 0.1 NAA; T4: 1.0 TDZ + 0.1 NAA; 
T5: 2.0 TDZ + 0.1 NAA; T6: 0.5 TDZ + 0.2 NAA; T7: 0.5 TDZ + 0.5 NAA; T8: 0.5 TDZ 
+ 0.1 2,4D; T9: 0.5 TDZ + 0.2 2,4-D; T10: 5.0 BAP + 0.1 NAA; T11: 5 BAP + 0.5 
NAA; T12: 5 BAP + 1.0 NAA; T13: 5 BAP + 2.5 NAA; T14: 7,5 BAP + 0.5 NAA; T15: 
2.5 BAP + 0.5 NAA; T16: 7.5 BAP + 0.1 NAA; T17: 0.25 TDZ + 2.5 BAP. After 30 





2.4. Effect of BAP and NAA on shoot induction medium (SIM) 
To optimize the shoot induction medium, five concentrations and 
combinations of BAP and NAA (in µM) were tested: T1: 5 + 0.1; T2: 5 + 0.5; T3: 5 + 
1; T4: 2.5 + 0.5; T5: 7.5 + 0.5. This experiment was conducted 30 days after callus 
induction with the basal CIM.  
 
2.5. Combination of the effective CIM and SIM with WPM or LP media 
 Once effective combinations CIM and SIM were identified, we moved to 
evaluate PGRs combinations of the two steps. Leaf explants were first cultivated on 
CIM with three different PGRs combinations: 0.5 µM TDZ + 0.5 µM NAA, 2.5 µM BAP 
+ 0.5 µM NAA and 0.25 µM TDZ + 2.5 µM BAP, and then transferred to SIM with 5.0 
µM BAP + 1.0 µM NAA. This experiment was conducted using WPM or LP (Quoirin & 
Lepoivre 1977) to compare between the culture medium. 
 
2.6. In vitro rooting and acclimatization 
Shoot explants (1 cm of length) were collected and inoculated on test tubes 
with 10 mL of 1/4 MS (full strength of vitamins) containing 15 gL-1 sucrose, 1 mg L-1 
riboflavin and 7.0 gL-1 agar. In this experiment, five concentrations of IBA (Indole-
butyric acid) (1, 2, 3, 4 and 5 mg L-1 corresponding to 4.9, 9.8, 14.7, 19.6 and 24.5 
µM) were compared. The explants were incubated in the dark for 10 days and then 
transferred to light for another 45 days. The experiment consisted of 30 replications 
per treatment. After two months, the percentage of root formation, number of 
secondary roots, length of the main root and stem elongation were evaluated. To 
acclimatize the rooted explants, the test tubes were partially opened and incubated in 
the growth room for two days. Following that, the roots were rinsed to remove agar 
and transferred to plastic pots containing autoclaved soil-vermiculate mixture (1:1) 
and kept in a greenhouse. The percentage survival was recorded after 45 days.   
 
2.7. Genetic transformation via Agrobacterium tumefaciens 
Leaves of in vitro grown plants were used. The explants were placed on pre 
culture medium (basal CIM with 0.5 µM of TDZ + 0.5 µM NAA) for 1 day in the dark. 
Following that, explants were co-cultivated on ½ MS liquid medium containing a 
bacterial suspension of  A. tumefaciens strain EHA105 containing pCAMBIA 2301 
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vector (Fig 1), containing nptII selection gene and uidA gene, both under control of 
the CaMV35S promoter. The bacteria was previously grown overnight in a LB 
(SAMBROOK et al., 1989) (10.0 gL-1 Tryptone, 10.0 gL-1 NaCl and 5.0 gL-1 yeast 
extract, pH 7.0) medium supplemented with 50 mgL-1 of kanamycin at 28°C and120 
rpm until it reached OD600nm 0,5-1.  
After co-culture, the explants were transferred to CIM medium with containing 
50 mgL-1 kanamycin for three weeks and were then transferred to SIM medium (with 
5 µM BAP + 1 µM NAA) supplemented with 100 mgL-1 kanamycin. The shoots 
regenerated on kanamycin were transferred to multiplication medium (see section 
2.1.) supplemented with 150 mgL-1 kanamycin.  We used 500 explants for 





Figure 1. Pcambia 2301 vector scheme. Source: YADAV et al., (2012).  
 
2.8. Gene insertion confirmation and gene expression evaluation  
For PCR analysis to confirm gene insertion, DNA samples from the putative 
transgenic shoots as well a control explant were extracted by CTAB 2% (Catonic 
Hexadecyl Trimethyl Ammonium Bromide)  protocol (FERREIRA and 
GRATTAPAGLIA, 1998) and amplified using the forward and reverse primes of uidA 
(F: 5´-CAGCGCGAAGTCTTTATACCG-3´; R: 5´-ATGCGTCACCACGGTGATATCG-
3´) and nptII genes (F: 5´-TCGGCTATGACTGGGCACAACAGA-3´; R: 5´-
AAGAAGGCGATAGAAGGCGATGCG-3´) (the amplicon size were 368 bp and 941 
bp, respectively). The PCR mixture (25 µl) contained 1.0 U Taq DNA polymerase, 2.0 
mM MgCl2, 1x PCR buffer, 2.0mM of each dNTP, 0.4 mM of each forward and 
reverse primer (InvitrogenTM, Br) and approximately 50 ng template DNA. For positive 
control 4.0 ng of pCAMBIA 2301 plasmid DNA was used. The PCR was performed 
using a Veriti 96 Well Thermal cycler from Applied Biosystem, and consisted of: 1 
cycle at 94°C  for 5 min, 30 cycles at 94°C  for 1 min, 65°C  for 1 min and 72°C for 2 
min, 1 cycle at 72 °C for 7 min for nptII gene and 1 cycle at 94°C for 4 min, 35 cycles 
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at 94°C  for 1 min, 55°C for 1 min and 72°C for 1 min, 1 cycle at 72°C for 7 min for 
uidA gene. The amplification products were separated by 1% agarose gel 
electrophoresis with ethidium bromide solution (0.5 mg/ml) (InvitrogenTM, Br) in 1X 
buffer TBE (0.04 M TRIS-acetate, 1 mM EDTA,  pH= 8) at 80 V for 1 hour. The gel 
was photographed using a Cannon PowerShot S2 IS camera under Syngene Bio 
Imaging program.          
To confirm the gene expression, histochemical analyses were performed as 
described by Jefferson (1987) of the putative transgenic shoots as well as a control 
explant.  
 
2.9. Somaclonal variation 
Leaves were collected from the plants under micropropagation for 1.5 years 
and shoots derived from indirect organogenesis cultured on three different PGRs 
combinations and concentrations, as described on the first experiment (treatments 
T7, T15 and T17, Table 1). DNA was extracted according to Ferreira & Grattapaglia 
(1998) using CTAB 2%. RAPD profiles were generated using 11 arbitrary primers 
(Biolegio Co., Ho) (sequences are shown in Table 4). The amplification was 
performed in a DNA Thermal Cycler (Apllied BiosystemTM) according to the following 
program: 1 cycle of 4 min at 94°C, 40 cycles of 1 min at 94°C, 1.30 min at 36°C, and 
1.30 min at 72°C, and finally 1 cycle of 7 min at 72°C. The amplification was carried 
out in a 96 well Microplate in a volume of 25µl containing approximately 25 ng of 
DNA template, 1x of PCR buffer, 100 µM of each dNTP, 2 µM of Mg2+ , 36.5 µM of 
primer and 1 unit of Taq DNA Polymerase, provided by InvitrogenTM. The analyses 
were loaded in a QIAxcel Advanced system and read by QIAxcel ScreenGel program 
(Quiagen®). All the amplifications were done in triplicate, and only bands replicated 
in at least on two samples, with a medium to strong intensity, a difference of ± 20 
base pairs per sample and above 1 ng/µg concentration, were scored. The specific 
amplification was scored as present (1) or absent (0).  
 
2.10. Evaluations and Statistical analysis 
The experimental designs were completely randomized, with two replicates 
with 40 explants per each petri dish and repeated twice.  After 30 and 90 days 
oxidation, presence of anthocyanin, callus formation and shoot formation in explants 
with callus and number of shoots per explants (the last one only after 90 days) were 
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evaluate. The data analysis of the experiments was performed by analysis of 
Deviance for the model that considered the effect of treatments. The binary data 
were analyzed by generalized linear models with binomial distribution probability and 
for the quantitative data Poisson distribution was used. Comparisons between 
treatments were made by Tukey test (p<0.05). The data were analyzed by the R 
software environment statistic program (R DEVELOPMENT CORE TEAM, 2011).  
  
3. RESULTS  
 
3.1. Establishment of a two-step organogenesis protocol  
Step 1: Callus induction medium 
We evaluated the efficiency of a two-step organogenesis protocol for 
regeneration of clone BRS07-01 from leaves of in vitro grown plants. In the first step, 
we evaluated effects of PGRs combinations and concentrations on callus and shoot 
formation. Higher callus formation was observed on explants cultured on TDZ 
combined either with NAA or 2,4-D relative to BAP after 30 and 90 days, reaching up 
to 81.2% of the total (Table 1). However, when TDZ and NAA are analyzed alone, we 
observed that at lower concentrations of NAA, callus induction was reduced, 
regardless the concentration of TDZ tested.  
Regarding BAP, only the lower concentration (2.5 µM) was effective for 
callus formation and it was as effective as TDZ. The same pattern of callus formation 
was observed among the treatments after 30 and 90 days, showing the influence of 
PGRs of the first step even after shoot formation (Table 1). 
For shoot formation the same results were observed as for callus formation, 
which TDZ proved to be more effective than BAP at high concentrations. Higher 
concentrations of BAP seem to have a deleterious effect on shoot induction in clone 
BRS07-01 (Table 1). The best shoot formations were observed on the treatments 
with TDZ and both auxins, reaching up to 47.5%, when BAP was used in lower 
concentration (2.5 µM) with NAA, also with 47.5% and when both citokynins TDZ and 
BAP were combined, resulting in 48.1% of shoot induction. Although none of this 




TABLE 1 - Comparison of different concentrations and combinations of PGRs on indirect organogenesis of E. urophylla 
clone BRS07-01. Data analysis after 30 days for percentage of callus proliferation, shoot induction, presence of anthocyanin and 
after 90 days for percentage of callus proliferation, shoot induction, number of shoots per explant and presence of anthocyanin. 
After 30 days the explants where transferred to SIM for further culture. 
Values followed by the same letter between the lines does not differ by Tukey test (p<0.05). 
  After 30 days After 90 days 
Treatments (in µM) 





No. Shoots per 
explant 
Anthocyanin 
T1 0.25 TDZ + 0.1 NAA 23.8±9.4
cde 25.0±9.5bcd 38.8±10.7c 28.8±10.0 bc 2.976±0.53abc 30.0±10.1ab 
T2 0.5 TDZ + 0.1 NAA 17.5±8.4
 de 21.2±9.0 bcd 46.0±14.0 c 32.0±13.1 bc 3.325±1.103abc 34.0±13.3a 
T3 0.75 TDZ + 0.1 NAA 22.5±9.2
 de 16.2±8.1cde 51.2±11.0 bc 27.5±9.8 bc 3.605±0.307 abc 30.0±10.1ab 
T4 1.0 TDZ + 0.1 NAA 31.2±10.2
bcde 32.5±10.3abc 51.2±11.0 bc 36.2±10.6 ab 4.259±1.789 ab 26.2±9.7 abc 
T5 2.0 TDZ + 0.1 NAA 37.5±10.7
abcd 3.8±4.2ef 73.8±9.7 ab 32.5±10.3 bc 2.832±1.116 abc 18.8±8.6 abc 
T6 0.5 TDZ + 0.2 NAA 56.2±10.9
a 46.2±11.0a 73.3±7.9 ab 36.7±8.7 ab 4.036±1.637 ab 34.2±8.5 a 
T7 0.5 TDZ + 0.5 NAA 56.0±11.3
ab 40.0±11.2ab 81.2±6.1 ab 47.5±7.8 a 5.075±1.087 a 9.4±4.5 bc 
T8 0.5 TDZ + 0.1 2,4D 53.8±11.0
abc 18.8±8.6bcde 71.7±8.1 ab 40.8±8.8 ab 3.767±0.548 abc 28.3±8.1 abc 
T9 0.5 TDZ + 0.2 2,4-D 51.2±11.0
abc 17.5±8.4 bcde 79.4±6.3 ab 35.6±7.4 ab 3.311±0.523 abc 33.8±7.4 a 
T10 5.0 BAP + 0.1 NAA 16.2±8.1
 de 0±0f 57.7±9.5 b 30.8±8.9 bc 2.332±0.34 bc 9.6±5.7 bc 
T11 5 BAP + 0.5 NAA 16.9±8.4
 de 6.5±5.5de 50.6±7.8 bc 23.8±6.6 bc 2.611±0.430 bc 20.6±6.3 abc 
T12 5 BAP + 1.0 NAA 14.1±7.8
 e 0±0f 55.6±8.1 bc 25.0±7.1 bc 2.525±0.378 bc 22.9±6.9 abc 
T13 5 BAP + 2.5 NAA 16.2±8.1
 de 15.0±7.9cde 66.2±7.4 b 25.6±6.8 bc 3.289±0.876 abc 16.2±5.7 abc 
T14 7.5 BAP + 0.5 NAA 12.5±7.3
e 0±0f 57.5±8.9 b 15.0±6.4 c 1.550±1.099 c 4.2±3.6 c 
T15 2.5 BAP + 0.5 NAA 38.8±10.7
abcd 28.8±10.0abc 71.2±7.0 ab 47.5±7.8 a 3.105±0.568 abc 17.5±5.9 abc 
T16 7.5 BAP + 0.1 NAA 17.5±8.4
de 12.5±7.3cde 51.1±8.4 bc 35.0±8.0 bc 2.202±0.347 bc 6.6±4.2 c 
T17 0.25 TDZ + 2.5 BAP 31.2±10.2
bcde 12.5±7.3abc 73.8±6.8 ab 48.1±7.8 a 3.607±0.851 abc 25.6±6.8 abc 
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We observed the presence of anthocyanin pigmentation on callus in 
almost all treatments as demonstrated on Figure 2A. The oxidation ranged from 
86% to 100% after 30 days on culture and was observed in all treatments. 
 
Step 2: Shoot induction medium (SIM) 
Calluses previously cultivated on the control CIM medium 
(supplemented with 0.5 µM TDZ + 0.1 µM NAA) were cultured on SIM medium 
with different concentrations of BAP and NAA in order to improve the shoot 
induction.  
The higher shoot formation was observed on 5.0 µM of BAP and 1.0 µM 
NAA (63.8%) with an average of 5.667±0.835 shoots per explant (Figure 2B), 
although not differing statistically from the other treatments, except from the 
treatment with the lower concentration of BAP (Table 2).  
The lower shoot formation frequency was observed on 2.5 µM BAP 
combined with 0.5 µM NAA (25.49%), suggesting that higher concentrations of 
BAP are necessary to increase the regeneration frequency (Table 2). 
Oxidation was observed in all treatments, and it was higher in the worst 
treatment, when all explants oxidized. These results suggest that oxidation can 
be related to a lower rate of response, but we observed that even oxidized 
callus were able to regenerate.  
 
Table 2 - Effect of BAP and NAA in shoot induction medium (SIM) of E. 
urophylla clone BRS07-01, after 90 days of culturing. The explants were first 
cultured on CIM to promote callus formation.   










No. Shoot per 
explant Oxidation 
T1 5.0 0.1 46.2±11.0ab 5.378±1.197a 55.0±11.0d 
T2 5.0 0.5 43.8±10.9 ab 4.111±0.916ab 82.5±8.4c 
T3 5.0 1.0 63.8±10.6a 5.667±0.835a 80.0±8.8c 
T4 2.5 0.5 25.5±12.1b 3.236±1.968b 100.0±0a 
T5 7.5 0.5 43.4±11.2 ab 4.958±1.022ab 97.4±3.6b 
33 
 
3.2. Combination of the best CIM and SIM with WPM or LP 
We previously tested three different culture media and LP demonstrated 
higher shoot induction (data not shown). For this reason we decided to evaluate 
the more effective PGRs combinations on this medium and compared it to 
WPM.  
However, more callus and shoot induction was observed on WPM 
medium (Table 3). Higher shoot induction was observed on 0.5 µM TDZ + 0.5 
µM NAA (85.6%), with 8.64±0.835 shoots per explant, differing from all 
treatment with LP and from WPM supplemented with BAP and NAA combined 
(for shoot induction). The lower callus and shoot induction and higher oxidation 
rate were observed on LP supplemented with 2.5 µM BAP + 0.5 µM NAA.  
The combination of TDZ and BAP on CIM media, respectively, was 
more effective than BAP combined with the auxin on the organogenesis of this 
clone. The number of shoots per explant showed a high variation among the 
treatments, ranging from 0.7 to 8.64 in the best treatment. 
 
 
Table 3- Evaluation of in vitro regeneration of Clone BRS07-01 of E. 
urophylla, cultured on the best CIM and SIM PGRs concentrations and 
combinations on WPM or LP. Callus formation percentage evaluation after 30 
and callus, shoot induction, shoot per explant, oxidation and anthocyanin 






After 90 days 
Callus Callus Shoots  No. Shoots 
per explant 
Oxidation 
WPM T1 76.2±4.8a 94.3±6.6a 85.6±5.5a 8.64±0.835a 25.0±7.0e 
WPM T2 55.6±13.3b 75.6±9.7ab 33.7±5.2b 3.15±1.41c 76.2±12.3b 
WPM T3 65.6±7.5ab 72.5±10.2b 66.2±7.2a 5.26±0.331bc 48.1±8.5d 
LP T1 76.8±10.0a 82.5±6.5ab 35.0±14.2b 6.07±1.137b 68.1±10.7bc 
LP T2 33.1±2.4c 49.3±7.5c 31.3±6.2c 0.7±1.4d 99.4±1.25a 
LP T3 57.5±11.4ab 69.2±10.3b 39.1±13.6b 6.31±0.182b 57.5±3.5cd 
The explants were cultured first on CIM supplemented with: T1 – 0.5 µM TDZ + 0.5 µM NAA; T2 
– 2.5 µM BAP + 0.5 µM NAA; T3 – 0.25 µM TDZ + 2.5 µM BAP, and the transferred to SIM with 
5.0 µM BAP + 1.0 µM NAA. Values followed by the same letter between the lines does not differ 
by Tukey test (p<0.05). 
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Figure 2. Indirect organogenesis of E. urophylla clone BRS07-01. (A) Callus formation after 30 
days of culture on WPM + 0.5 µM TDZ + 0.1 µM NAA; (B) Shoot induction of explants after 90 
days, prior cultivated on WPM + 0.5 µM TDZ + 0.1 µM NAA for callus induction and then 
transferred to WPM medium with 5.0  µM BAP + 0.5 µM NAA; (C) Microshoots micropropageted 
in vitro Explants; (D) Explants with adventitious shoots cultivated on WPM + 5.0 µM BAP + 1.0 
µM NAA; (E) Explants with adventitious root  cultivated on WPM + 2.5 µM BAP + 0.5 µM NAA; 
(F) Plantlets showing adventitious roots cultivated on 4.9 µM IBA; G) Rooted plantlets after 3 
weeks acclimatized on greenhouse. Bar = 1cm 
 
3.3. Genetic transformation 
After selection on kanamycin, the shoots were transferred to 
multiplication medium. Two months later, DNA from leaves was extracted and 
the insertion was confirmed by PCR (Figure 3A). The wild type plantlet did not 
show the bands. Expression of the gus gene was confirmed by blue staining of 




Figure 3.  (A) nptII and uidA PCR amplification from two transformants events of Clone 
Brs07-01. Legend: M- 1kb marker, 1- Positive control of nptII vector, 2- Blank, 3- Negative 
control, 4 and 5 - positive events for nptII gene, 7 - Positive control of uidA vector, 8- Blank, 9- 
Negative control, 10 and 11 - positive events  for gus. (B) Transient gus staining on shoot tip 
derived from Agrobacterium-mediated genetic transformation of clone Brs07-01. Bar = 0.5cm.  
 
3.4. In vitro rooting and acclimatization 
We evaluated five different concentrations of IBA on the rooting of clone 
BRS07-01. Root formation was higher when 14.7 µM of IBA was used, reaching 
up to 84.0% and differing statistically from all treatments (Table 4). The 
averages of the main root length and stem elongation were also higher with 14.7 
µM of IBA, with 4.7 cm and 1.60 cm, respectively.  Although not differing 
statistically with 19.8 µM for root length (2.9 cm) and stem elongation (0.89 cm) 
and 24.5 µM for stem elongation (0.98 cm).  However, the differences were 
statistically insignificant. Approximately 80% of the plantlets were successfully 
transferred to the greenhouse (Figure 2G).  
 
Table 4- Evaluation of in vitro rooting of Clone BRS07-01 of E. 
urophylla, cultured on ¼ MS medium supplemented with different 
concentrations of IBA (4.9, 9.8, 14.7, 19.6 and 24.5 µM). Roots percentage, 
primary root length and explant elongation were evaluated after 45 days.  









4.9 13.3±8.3c        0.6±0.352b  0.23±0.112b  0.9±0.508
b 
9.8 29.6±8.7bc        1.4±0.348b    0.54±0.231b    1.5±1.135
b 
14.7 84.0±9.1a        4.7±0.355a    1.60±0.230a      7.9±1.40ª 
19.6 37.0±8.7bc         1.8±0.359b     0.89±0.294ab  3.0±0.90
b 
24.5 50.0±8.6b     2.9±0.197ab    0.98±0.222ab         3.5±1.017
b 
Values followed by the same letter between the lines does not differ by Tukey test (p<0.05). 
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3.5. Somaclonal variation 
Our results showed that our clone preserved its stability during the in 
vitro culture. We tested 11 RAPD primers for somaclonal variation in the 
samples of plants under micropropagation for 2 years, shoots derived from 
indirect organogenesis on different PGRs and from in vitro rooted plantlets. We 
evaluated 56 markers. The size of the markers ranged from 120-1580 bp.  
From the 11 universal primers tested, we could not observe any 
polymorphic band among the different in vitro derived shoots and the plants 
under micropropagation which served as source for the explants used at the 
experiments. In addition, the lack of somaclonal variation also indicated that the 
clones preserved their integrity.  
 
Table 5- Sequence of the primers used in RAPD of the E. urophylla 
explants and numbers of bands amplified and their size range (±50pb). 
Primers Sequences (5’ 
3’)  
No. of bands Range of the bands 
(bp) 
OPA-13 AAGCCTCGTC 3 185-1400 
OPA-17 GACCGCTTGTC 3 386-1000 
OPA-18 AGGTGACCGT 5 121-884 
OPC-01 TTCGAGCCAG 2 1175-1790 
OPC-02 GTGAGGCGTC 4 277-941 
OPC-04 CCGCATCTAC 6 341-1580 
OPC-06 GAACGGACTC 4 251-1010 
OPC-07 GTCCCGACGA 14 170-946 
OPC-19 GTTGCCAGCC 6 221-960 
OPP-03 CTGATACGCC 2 760-960 
OPP-04 GTGTCTCAGG 6 232-1375 







Figure 4. Polymorphims bands of RAPD resulted from OPA-17 primer of shoots 
derived from indirect organogenesis: 1-3:  0.5 µM TDZ + 0.5 µM NAA; 4-6: 2.5 µM BAP + 0.5 
µM NAA; 7-9: 0.25 µM TDZ + 0.25 µM BAP, and 10-12: plants under micropropagation, 




4.1. Two-step organogenesis protocol 
The use of two step regeneration protocols for Eucalyptus was 
introduced by Bandypadhyay et al. (1999) for E. nitens and E. globulus and  
have being used since for Eucalyptus species in most of the protocols (CHITRA 
and PADMAJA, 2005; OLIVEIRA et al., 2015). Often, the steps differ in their 
PGRs types and concentrations, and normally the cytokinin concentration is 
increased in the second step (BANDYPADHYAY et al., 1999).  
Once it is well known that TDZ should be used at lower concentrations 
in order to compare the regeneration results with other citokynins (NORTH et 
al., 2012), we used it diluted 10 fold when compared to BAP, and TDZ was in 
general more efficient on callus induction than BAP (Table 1). This is in line with 
observations of higher callus induction with TDZ when compared to BAP for E. 
grandis × E. urophylla (ALVES et al., 2004; BARRUETO CID et al., 1999), E. 
grandis and  E. urograndis (GONZÁLEZ, 2002).  Similar results were also  
observed for another elite clone of E. urograndis (AEC 224 clone), for which 
0.25 µM TDZ and 0.1 µM NAA induced higher callus formation compared with 
5.0 µM BAP and 0.5 µM NAA (OLIVEIRA et al., 2015).  
38 
 
TDZ was observed to stimulate axillary shoot proliferation in higher 
rates than most cytokinins even in lower concentrations (HUETTEMAN and 
PREECE, 1993). It is believed to mimic cytokinin-like activity by promoting 
endogenous cytokinin synthesis and/or accumulation in various morphogenetic 
responses, including shoot stimulation in a range of recalcitrant species (RUŽIĆ 
and VUJOVIĆ, 2008; AGGARWAL et al., 2012b). 
Although 5.0 or 7.5 M of BAP resulted in lower callus formation, 2.5 
µM of BAP did not differ statistically from the best media with TDZ (Table 1). 
Glocke et al. (2006) and Dibax et al. (2005) also reported efficient callus 
induction of E. camaldulensis (over 90%) using BAP alone or in combination 
with NAA. BAP was also reported by Hajari et al. (2006) to induce 100% callus 
formation on E. grandis and E. grandis × E. urophylla clones when combined 
with IAA. However, these studies did not test TDZ.  
Interestingly, a combination of BAP and TDZ without auxins was equally 
potent in inducing callus and shoot formation. This result suggests rather that 
auxins are needed in lower concentrations or that TDZ can be acting also as an 
auxin in the regeneration of our clone. Murthy & Murch (1998) and Suttle (1988) 
suggested that TDZ mimics auxin-like metabolic responses, not acting directly 
as an auxin, but by inducing and increasing the auxin response. Azmi et al. 
(1997) also showed that combinations of two cytokinins can induce callus 
formation and bud initiation. They reported about 70% regeneration from 
hypocotyls and 55% from cotyledons of E. globulus Labill explants using a 
combination of 6-Bezyladenine (BA) and TDZ.  
The results of the first experiment showed that the combinations and 
concentrations of the PGRs had influenced the shoot induction response even 
after that all the explants were transferred to SIM medium. Our shoot induction 
rates (reaching up to 48.1%) were higher than those observed by Oliveira-
Cauduro et al. (2014) for an E. benthamii x E. dunnii clone (8.3%) ; Hervé et al. 
(2001) for an E. gunni clone (8.8%), Dibax et al. (2010a) for E. saligna (40%) 
and Aggarwal et al. (2010) on E. tereticornis (40.5%). However, these species 
are related to be even more recalcitrant to in vitro culture than E. urophylla. 
The NAA concentration was primordial for callus and shoot induction 
when combined to TDZ. On the last callus evaluation on table 1 we can observe 
that the lower concentration of NAA tested (0.1 µM) was more effective as when 
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used on the range of 0.2-0.5 µM, only when combined with the higher 
concentration of TDZ (2.0 µM). 
 Auxins acts crucially in the dedifferentiation  and differentiation of 
cultured tissues (MURTHY and MURCH, 1998). The synthetic auxins NAA and 
2,4-D are considered to be stable and they differ in their physiological activity 
and in the extent to which they translocate through tissue and are metabolized 
(SAAD and ELSHAHED, 2012). 
Alves et al. (2004) also reported higher callus formation on 0.54 µM 
NAA, although combined with a higher concentration of TDZ (2.27 µM) for 
Eucalyptus grandis x E. urophylla clones. However, different from our approach, 
most of the protocols of Eucalyptus indirect organogenesis use higher 
concentrations of NAA (RIBEIRO, 2012; DIBAX et al., 2010a; MULLINS et al., 
1997, MURALIDHARAN & MASCARENHAS, 1987). Increasing NAA 
concentration also enhanced callus formation on E. grandis indirect 
organogenesis (RIBEIRO, 2012). Which concentrations from 2.69-16.11µM of 
NAA alone or combined with 2,4-D and Zeatine, have resulted in nearly 100% of 
callus formation.  
Dibax et al. (2005) reported efficiency of callus induction using BAP 
alone or in combination with NAA for E. camaldulensis, and they obtained 
higher callus induction using 2.7 or 5.4 µM NAA and 4.44 µM BAP (over 90%). 
Some studies also report higher callus formation on media with higher 
concentration of auxin than cytokinin, normally BAP (HO et al., 1998; DIALLO 
and DUHOUX, 1984; MULLINS et al., 1997). Although we did not test this ratio 
inversion, our results show that the effect of NAA in concentrations higher than 
0.2 µM does positively influence the callus induction for our clone. 
We observed red pigmentation, probably anthocyanin, in some explants 
(Figure 2A) in line with previous reports by Bandypadhyay et al. (1999) on E. 
nitens callus. The synthesis and accumulation of these pigments in plants are 
related to photoinhibition (NAVARRO et al., 2011) to confer photoprotection 
(CLOSE et al., 2003). Anthocyanin accumulation is broadly related to abiotic 
stress responses (NAVARRO et al., 2011). We also observed higher 
organogenesis rates in tissue sections that showed higher anthocyanin 
accumulation (visually assayed from the coloration density) as described by 
Dibax et al. (2005) for E. camaldulensis and Hervé et al. (2001) for E. gunni. 
40 
 
These results suggest that a stress source could positively influence the 
differentiation of the callus cell into a new meristematic tissue. 
In the second step (SIM), we avoided TDZ since when used for long 
periods, it has a detrimental effect on rooting (MUNDHARA and RASHID, 2006; 
PREECE and IMEL, 1993; TSURO et al., 1999). In order to enhance shoot 
formation, we tested concentrations and combinations of BAP and NAA that 
have previously being described as efficient for other Eucalyptus species 
(AGGARWAL et al., 2010; AHAD et al., 2014). BAP is the most frequently 
cytokinin used for shoot induction. This cytokinin increases the conversion 
efficiency of undifferentiated cells into regenerated shoots and is important 
frequently used to avoid TDZ continuously during the culture (MYCOCK and 
WATT, 2012). 
The lower shoot frequency was observed on one of the best CIM media: 
2.5 µM BAP combined with 0.5 µM NAA (25.49%), suggesting that after 30 
days, higher concentrations of BAP are necessary for shoot induction. This was 
also observed by Aggarwal et al. (2010) for E. tereticornis.  And also the shoot 
induction increased when the NAA concentration was increased to 1.0 µM 
(63.8%). 
Similar to our experiments, Alves et al. (2004) also evaluated TDZ and 
BAP in combination with NAA for callus induction followed by BAP and NAA for 
shoot induction for Eucalyptus clones. In their work, one of the clones showed 
high shoot response when cultured on 4.44 µM BAP without auxin and another 
one on 2.22 µM BAP and 1.07 µM NAA, but the shoot regeneration efficiency 
was very lower than ours (8% regeneration). Different SIM media were also 
tested by Bandypadhyay et al. (1999), where the combination of 2.69 µM NAA 
and 4.44 µM BAP allowed high frequency of plant regeneration from cotyledons 
and hypocotyls of both E. nitens and E. globulus. 
The effect of combining the most efficient CIM and SIM can be 
observed on Table 3.  The combination of 0.5 µM of TDZ with 0.5 µM of NAA on 
CIM; and 5.0 µM BAP and 1.0 µM NAA on SIM medium allowed up to 85.6% of 
shoot regeneration. To our knowledge, no one has ever reported regeneration 
above of 60% for a Eucalyptus species clone by indirect organogenesis. 
Regeneration rates of 53% were observed for E. grandis × E. urophylla 
(BARRUETO CID et al., 1999), 47-57.5% for cotyledonary leaves of E. 
41 
 
camaldulensis (DIBAX et al., 2005; DIBAX et al., 2010b), 40% for cotyledonary 
explants of E. saligna (DIBAX et al., 2010a), 50% for cotyledonary of E. globulus 
sp. (SERRANO et al., 1996) and 52% for E. grandis clone (MA et al., 2011). 
However, it is noteworthy to point that most of these works used seeds as 
sources of explants instead of a clone.  
Although oxidation was observed in all treatments, it does not seem to 
influence organogenesis. Generally, the oxidation rates were over 90% in all 
treatment (data not shown) and can be related to the production and 
accumulation of the phenolic exudates produced by the wounded plant tissue or 
to the exposure to light (NDAKIDEMI et al., 2014). Bravo (2005) observed 
absence of oxidation during cultivation in the dark on E. grandis and Barrueto 
Cid et al. (1999) observed oxidation on the explants of E. grandis × E. urophylla 
cultured for more than 8 weeks and correlated it to the activation of specific 
promoters involved in the biosynthesis of phenolic compounds by light.  
 
4.2. Rooting and acclimatization  
We tested the effect of five IBA concentrations on rooting of clone 
BRS07-01. Root formation was observed in up to 84.0% of explants cultivated 
on medium containing 14.7 µM of IBA. Tournier et al. (2003) reported 100% of 
success of E. urophylla rooting, reaching of survival and which observed 95% of 
survivor rate using a sand and fertilizer mixture under greenhouse conditions. 
However, our rooting rates were higher than those observed by Rahim et al. 
(2003) (20%) for E. camaldulensis and by Oliveira for et al. (2015) for E. 
urophylla (35%) using 2.45 µM IBA. 
After rooting, up to 80% of the plants were successfully acclimatized. 
This result is in accordance with previous studies on various Eucalyptus species 
and clones (MYCOCK and WATT, 2012; OLIVEIRA et al., 2015).  
 
4.3. Genetic transformation of clone BRS07-01 
It is widely acknowledged that Eucalyptus species are very recalcitrant 
to genetic transformation. In order to test the transformation potential of clone 
BRS07-01, we tested an optimized genetic transformation protocol via 




Using a pCAMBIA2301 vector, we were able to regenerate plantlets on 
medium supplemented with kanamycin with an efficiency of 20.83%. The 
integration of the gus and nptII genes was confirmed by PCR and the gus 
expression verified by histochemical analysis (Figure 3).  This result reinforces 
our hypothesis that the BRS07-01 clone can be used as a model plant for 
transformation studies in Eucalyptus. 
 
4.4. Somaclonal variation 
Media components (PGRs, antibiotics, etc) (MUNIR et al., 2011; SUN et 
al., 2013) as well as the number and duration of sub-cultures (LEVA et al., 
2012) have been shown to induce genetic changes in vitro culture. Therefore, it 
is important to verify that the genetic integrity of clones has been conserved 
after the organogenesis steps. 
We assessed explants originated from indirect organogenesis and those 
cultured on growth room under micropropagation for somaclonal variation using 
RAPDs. Even though the technique has some limitations, it is relatively cheap 
and easier to execute than other molecular markers, like SSR Microsatellite ( 
Simple sequence repeat)  (POKE et al., 2005; LEVA et al., 2012; MUNIR et al., 
2011). In all the in vitro stages, the shoots and plants under micropropagation 
showed the same RAPD pattern for all the 56 bands assessed. This result 
indicates the genome stability and uniformity of our clone. This result is also 
consistent with earlier studies by Aggarwal et al. (2010) and Aggarwal et al. 
(2012a),  where no somaclonal variation was detected for E. tereticornis 
explants using RAPD markers.  
5. CONCLUSION  
We obtained a regeneration protocol with an efficiency of up to 85.6% 
shoot formation for the clone BRS07-01 of Eucalyptus urophylla. The clone was 
sucessfully transformed via Agrobacterium tumefaciens. Although the rooting 
protocol still must to be improved, we suggest that this clone could be used in 
functional genomic studies, for validation of gene function. According to the 
analysis of 56 RAPD markers, we did not observe any somaclonal variation for 
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This study aimed to develop an efficient Agrobacterium-mediated transformation 
protocol of the elite clone BRS07-01 of Eucalyptus urophylla. First, the effect of 
Kanamycin and Geneticin were evaluated on the organogenesis from leaves. 
Afterwards, several experiments were carried out to evaluate different features 
of genetic transformation. Pre and co-culture times, concentrations of 
Acetosyringone (AS), sonication time with leaves and microshoots and 
antibiotics concentrations after transformation were evaluated. Putative 
transformants were confirmed histochemical GUS expression and the insertion 
of uidA and nptII genes in the genome via PCR. Using leaves explants we 
observed up to 2.67% of transformation efficiency (TE) with 50 µM AS on liquid 
co-culture + 100 µM AS on solid co-culture. However, up to 20.83% of TE was 
observed with microshoot explants submitted to 2 min of sonication and co-
cultured with 100 µM AS and cultured with 150 mgL-1 of Kanamycin. We 
developed a highly efficient Agrobacterium-mediated transformation protocol for 
clone BRS07-01 of Eucalyptus urophylla using microshoots as explants.  
 




Eucalyptus is a major source of hardwood globally. This genus exhibits 
high adaptability and phenotypic plasticity and therefore is extensively grown 
worldwide (GRATTAPAGLIA et al., 2012). In Brazil, E. grandis, E. urophylla and 
their hybrids are the most commonly cultivated species. E. urophylla has an 
ability to grow on poor soils, tolerance to low rainfall and resistance to pests and 
diseases (GHERARDI HEIN, 2011). 
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Breeding programs of economically important tree species target mainly  
the productivity. Brazil, in particular, has a governmental breeding program for 
Eucalyptus at Embrapa Forestry, the federal company for agricultural research. 
However, the relatively long reproductive cycles and genetic complexity turns 
genetic breeding and large-scale cloning  relatively difficult (NEHRA et al., 
2005). In this context, a significant amount of research has been geared 
towards improving genetic transformation protocols of Eucalyptus species to 
make them efficient and able to be used as important tools for conventional 
breeding programs (NEHRA et al., 2005; GIRIJASHANKAR, 2011).  
So far, genetic transformation of commercial forestry species has 
targeted on growth rate, wood quality, lignin content, stress tolerance (both 
biotic and abiotic) and production of pharmaceutical products, among others 
(TOURNIER et al., 2003; HAJARI et al., 2006; WALTER and MENZIES, 2010; 
CASTELLANOS-HERNÁNDEZ et al., 2011; RIBEIRO, 2012).  
Genetic transformation consists of three main steps: (1) infection or 
gene insertion, (2) selection, and (3) in vitro regeneration of the transgenic 
plants. Gene insertion can be direct or indirect. On the latter, Agrobacterium-
mediated transfer is the most common method. To enable effective selection of 
transformed plants, the transgene is joined to a selective gene. The selective 
gene may code for a substrate that can be identified on certain media, 
microscopic screening or impart selective resistance (PENNA et al., 2002) to 
antibiotics or herbicides. To date, the neomycin phosphotransferase gene 
(nptII), which encodes an enzyme that inactivates different antibiotics of amino-
glycosylated group such as Kanamicyns (Km) A, B and C, Geneticin (G-418), 
Neomycin and others (QUISEN et al., 2009; YU et al. 2003) is the most used 
gene for selecting transgenic on selective growth media.  
The first Agrobacterium-mediated transformation of Eucalyptus species 
was reported over two decades ago (CHRIQUI et al., 1992). However, due to 
regulatory constraints, transgenic trees are only just starting to get license for 
cultivation in Brazil (CTNBIO, 2015). The challenges for commercial programs is 
the development of high efficiency transformation and regeneration protocols, 
especially for recalcitrant Eucalyptus species (DE LA TORRE et al., 2014; 
MATSUNAGA et al., 2012; RIBEIRO, 2012). The transformation efficiency of 
Eucalyptus genetic transformation are in the most cases still very low: 1.16-
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2.33% for E. tereticornins (AGGARWAL et al., 2011), 1.46% for E. urograndis 
(BALIEIRO, 2013), 0.5% for E. saligna (DIBAX et al., 2010), an average of 
3.98% (MATSUNAGA et al., 2012) and 1.2% (MORALEJO et al., 1998) for E. 
globulus. However, recently, de la Torre et. al. (2014) reported a protocol with 
an efficiency of over 65% of positive GUS expression for E. globulus clone. 
This study aimed to develop an efficient genetic transformation protocol 
for E. urophylla clone BRS07-01. 
 
2.  MATERIAL AND METHODS 
 
2.1. Plant material  
Leaves of the clone BRS07-01 of E. urophylla were used as explants. 
The micropropagated clone was maintained under micropropagation on MS 
medium (MURASHIGE and SKOOG, 1962) containing 30 g L-1 sucrose, 0.88 
µM BAP, 0.2 mg L-1 myoinositol and 7 gL-1 of agar, in a growth room at 23 ±2°C 
under white fluorescent light with an irradiance of 40 μmol.m-2.s-1 and 16 hours 
of photoperiod. This clone was selected in the breeding program of Embrapa 
Forestry, chosen for is fast growth (wood volume of 0,047 m3/tree at the 21st 
month) and is suitable for multiple uses (Estefano Paludzyszyn Filho, Embrapa 
Forestry researcher, personal communication). In a previous work, we 
developed an protocol which allowed 85% regeneration via organogenesis for 
this clone.  
 
2.2. In vitro organogenesis 
BRS07-01 leaves were collected and inoculated in petri dishes with 20 
mL of callus induction medium (CIM): WPM medium salts (LLOYD and 
MCCOWN, 1981) containing 30 gL-1 sucrose, 0.5 µM TDZ, 0.1 µM NAA, 0,1 
mgL-1 myoinositol, 500 mg L-1 PVP and 7 gL-1 agar,  for 28 days at 23 ± 2°C in 
darkness. Following that, they were transferred to shoot induction medium 
(SIM): WPM containing 30 gL-1 sucrose, 5.0 µM BAP, 0.5 µM NAA, 0,1 mg L-1 
myo-inositol, 500 mgL-1 PVP and 7 gL-1 agar, for 60 days in a growth room at 
23±2°C with 16h of photoperiod (light irradiance of 40 μmol.m-2.s-1). The 
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explants were transferred to fresh medium every 14 days. The pH of all media 
was adjusted to 5.8 before autoclaving for 20 min at 120°C 1atm. 
 
2.3. Effect of Kanamycin and Geneticin as selective agents on 
organogenesis of clone BRS07-0 
In order to evaluate two antibiotics and their doses on organogenesis of 
clone BRS07-01, the explants were cultivated on the basal CIM and SIM 
containing the antibiotics Kanamycin (Km) (0, 12.5, 25, 50, 75, 100 and 125 mg 
L-1) or Geneticin (Gen) (0, 2, 3, 4, 5, 6, 7 and 8 mg L-1). Antibiotic solutions were 
sterilized by filtration with a 0.22 µm filter membrane and added to the medium 
after autoclaving.  
 
2.4. Experimental design 
The experimental designs were completely randomized and each 
treatment consisted of 2 replicates, with 40 explants per Petri dish and was 
repeated twice. After 30 and 90 days oxidation, presence of anthocyanin, callus 
induction, shoot formation in the explants with callus and number of shoots per 
explants (the last one only after 90 days) were evaluated. For the genetic 
transformation experiments, each treatment consisted on 150 explants, with 30 
explants per petri dish, and the experiments were repeated twice.  
 
2.5. Genetic transformation of clone BRS07-01 
Basal transformation system: leaves were used as explants and were 
cultured as described above. To improve the rates of infection and subsequent 
transformation, small transversal cuts were made on explant leaves. For 
bacterial infection, the explants were immersed in a bacteria suspension 
(described below) for 30 min at 120 rpm at 28°C. Explants were then dried in 
sterile filter paper and cultured on CIM media for 3 days in the dark. To kill the 
Agrobacterium, explants were washed on sterile distilled water with 200 mgL-1 
cefotaxime. Following that, they were transferred to CIM media supplemented 
with 200 mgL-1 amoxicillin and 25 mgL-1 Km as the selective agent. For callus 
induction, explants were cultured in the dark at 23 ± 2ºC for 28 days and were 
then transferred to a growth room at 23 ±2°C and 16 hours of photoperiod (at 40 
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μmol.m-2.s-1). The Km concentration was increased after 30 days to 50 mgL-1 
and after the next subculture of 14 days to 75 mgL-1, and subsequently to 100 
mgL-1 of Km, until the end of the experiment.  
 
Bacteria suspension: the Agrobacterium tumefaciens strain EH105 
harboring pCAMBIA 2301 vector (figure 1), harboring nptII selection gene and 
uidA gene, both under the control of the CaMV35S promotor, was grown 
overnight in a LB  medium (10.0 gL-1 Tryptone, 10.0 gL-1 NaCl and 5.0 gL-1 
yeast extract, pH= 7.0) Sambrook et al. (1989) media supplemented with 50 
mgL-1 of Km at 28°C and 120 rpm until OD600nm 0.6-1.0. The bacteria culture 
was then centrifuged for 10 min at 7500 rpm (IEC Multi RF, Thermo Electron 
co., USA), and the pellet suspended on ½ MS liquid medium (pH 5.8)].    
 The following experiments were carried out to improve the genetic 
transformation efficiency: 
Experiment I: pre-culture period (0, 1, 2, 3 or 4 days), in which the 
explants were cultured on CIM as described above; 
Experiment II: co-culture period (2, 3, 4 or 5 days). After infection, the 
explants were cultured on evaluated days on CIM; 
Experiment III:  Acetosyringone concentrations (0, 50, 100, 200 or 400 
µM) added on pre-culture (1 day) and/or co-culture (3 days): T1: LC 0 µM AS + 
SC 0 µM AS; T2: LC 50 µM + SL 0 µM AS; T3: LC 0 µM AS + SC 100 µM AS; 
T4: LC 50 µM AS + SC 100 µM AS; T5: LC 100 µM AS + SC 0 µM AS; T6: LC 
100 µM AS + 100 µM AS; T7: LC 200 µM AS + SC 200 µM AS; T8: LC 200 µM 
AS + SC 0 µM AS; T9: LC 0 µM AS + SC 400 µM AS; T10: LC 400 µM AS + SC 
0 µM AS and T11: LC 400 µM AS + SC 400 µM AS. (LC – liquid co-culture, SC- 
solid co-culture, AS- acetosyringone).   
Experiment IV: to compare types of explant we tested leaves and micro-
shoots (0.5-2 cm) with at least 2 or 3 leaves as described by Gallego et al. 
(2003), with some modifications. The explants were pre-cultured on CIM for 1 
day and then immersed in bacteria suspension and submitted to sonication 
treatment (40kHz, Ultra Cleaner 1400A, Unique®) for 60, 90 or 120 seconds. 
Explants were then co-cultured on CIM media with 100 µM of AS for 3 days in 
the dark, washed on sterile distilled water with 200 mgL-1 cefotaxime, and 
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placed on selective medium. The microshoots were cultured on MS media 
containing 30 g L-1 sucrose, 0.88 µM BAP, 0.2 mg L-1 myo-inositol, and 7 gL-1 of 
agar supplemented with 200 mgL-1 of amoxicillin and 150 mgL-1 of Km in a 
growth room at 23 ±2°C and 16hrs of photoperiod. The leaves explants were 
cultured as explained on the Basal transformation system above. 
Experiment V: Km concentrations (25 or 50 mgL-1) and 5 mgL-1 of Gen. 
The selective concentrations were kept constant for the first 30 days and 
afterward in the treatments with Km the concentration was increased up to 100 




Figure 1. pCAMBIA 2301 vector scheme. Source: YADAV et al., (2012). 
 
Gene insertion and screening of transformants 
Histochemical and PCR analyses were carried out to confirm the 
expression of the transgene.  
Histochemical analysis: Explants were immersed in a solution 
containing 10mM Na2EDTA.H2O, 0,1% Triton X-100, 0,1 M NaH2PO4, 0,5 M 
K3Fe(CN)6, 250 µg.mL-1 5-bromo-4- chloro-3-indolyl β-D-glucuronic acid (X-
GLUC, Gold Biotecnhology Inc, USA) with 20% of methanol and incubated for 
16 h at 37°C (JEFFERSON, 1987). Following that, the explants were washed 
several times with 70% ethanol to remove chlorophyll. The material was 
observed for GUS gene expression by the blue staining. 
 
 PCR Analysis: DNA samples from putative transgenic explants as well 
as the control explant was extracted using the CTAB 2% (Catonic Hexadecyl 
Trimethyl Ammonium Bromide)  protocol according to Ferreira; Grattapaglia 
(1998). The PCR was performed using the forward and reverse primes of uidA 
(F: 5´-CAGCGCGAAGTCTTTATACCG-3´; R: 5´-
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ATGCGTCACCACGGTGATATCG-3´) and nptII genes (F: 5´-
TCGGCTATGACTGGGCACAACAGA-3´; R: 5´-
AAGAAGGCGATAGAAGGCGATGCG-3´). The PCR mixture (25 µl) contained 
1.0 U taq DNA polymerase, 2.0 mM MgCl2, 1x PCR buffer, 2.0mM of each 
dNTP, 0.4 mM of each forward and reverse primer (Invitrogen, Br) and 
approximately 50ng template DNA. For positive control 4.0ng of pCAMBIA 2301 
plasmid DNA was used. The PCR was performed using a Veriti 96 Well Thermal 
cycler from Applied Biosystem.  
PCR programs for the genes:  
nptII: 1 cycle at 94°C  for 5min, 30 cycles at 94°C  for 1min, 65°C  for 
1min and 72°C for 2 min and  1 cycle at 72 °C for 7 min. 
uidA: cycle at 94°C for 4 min, 35 cycles at 94°C  for 1 min, 55°C for 1 
min and 72°C for 1 min, and 1 cycle at 72°C for 7 min.  
Amplification products were separated on 1% agarose gel 
electrophoresis with ethidium bromide solution (0.5 mg/ml, Invitrogen, Br) in 1x 
buffer TBE (0.04 M TRIS-acetate, 1 mM EDTA,  pH= 8) at 80 V for 1 hr. The gel 
was visualized and photographed using a Cannon PowerShot S2 IS camera 
under Syngene Bio Imaging program.       
    
2.6. Experimental design 
Experiments using leaves as explants were carried out with 150 
explants and the experiment with microshoot (experiment IV), was used flasks 
with 5 explants, totalizing 50 explants for each treatment. The experiments were 
repeated twice. The genetic transformation efficiency were evaluated after 120 
days for leaves and 60 days for microshoots. 
 
2.7. Statistical analyses 
Statistical analyses were performed for the experiments evaluating the 
selective agents only. An analysis of variance (ANOVA) was performed on the 
results. The binary data adjustment was done via binomial distribution 
probability; that for quantitative data was via the Poisson distribution. A logistic 
regression analysis was also performed on the binary data. For treatments with 
qualitative factors, the Tukey test 5% was used to compare treatments. 
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3. RESULTS  
 
3.1. Effect of Kanamycin as selective agent 
This experiment aimed to establish the minimal lethal dose of Km as 
selective agent on the organogenesis of clone BRS07-01. After 30 and 90 days 
on Km, the variance analysis showed that all variables had a significant effect 
on the treatments (data not shown).  
The regression curves were calculated for callus and shoot formation, 
oxidation and anthocyanin, after 30 and 90 days on culture (Figure 2). After 30 
days, callus formation was 3-fold higher in the control (74.4%) than on 75 mgL-1 
Km. Shoot formation reached up to 25% in the control after 30 days, and was 
12-fold higher on explants cultivated on 12.5 mgL-1 Km when compared to 
explants on 75 mgL-1 Km (3.2%). Oxidation frequency was also statistically 
different among treatments, and ranged from 81.9% in the control to 100% in 
explants on 100 mgL-1 and 125 mgL-1 Km.   
After 90 days on culture, callus formation was 5-fold higher on explants 
cultured on 12.5 mgL-1 Km (65.5%) when compared to explants cultured on 100 
mgL-1 Km. In the control, 78.1% of the explants formed callus. The shoot 
formation was 38-fold higher on 12.5 mgL-1 Km (32.8%) when compared to 75 
mgL-1 Km (3.2%). Explants with anthocyanin rate ranged from 10.1% in the 
explants cultured on 75 Km to 27.7% in the explants on 12.5 mgL-1 Km. 
Explants on 100 mgL-1 and 125 mgL-1 Km were all oxidized and did not show 
anthocyanin. Oxidation was 3-fold higher on 25 mgL-1 Km than on 12.5 mgL-1 
Km (Figure 3).  
After 30 days, most of the explants cultured on media with 










Figure 2. Logistic regression analysis and adjusted curves data of different Kanamycin 
concentrations (12.5, 25, 50, 75, 100 and 125 mgL
-1
) and a control without Km effect on 







Figure 3. Shoots derived from explants cultured for 90 days on Km containing media. 
(A) Control Km-free media, (B) 12.5 mgL
-1 
Km, (C) 25 mgL
-1
 Km, (D) 50 mgL
-1
 Km, (E) 75 mgL
-1
 





3.2. Effect of Geneticin as selective agent 
Geneticin was tested at lower concentrations, when compared to 
kanamycin. Eight concentrations (0, 1, 2, 3, 4, 5, 6, 7 and 8 mgL-1) were 
evaluated to establish the minimal lethal dose of Gen as selective agent in the 
organogenesis of clone BRS07-01. Except for shoot induction and anthocyanin 
after 90 days, the results showed statistical differences for all the variables 
(Figure 4).    
The logistic regression showed that after 30 days, the callus formation 
was 2.5-fold higher in the control when compared to 7 mgL-1 Gen (67.5%). The 
lower callus formation rate was observed on 8 mgL-1 Gen (40.1%). Shoot 
formation was 12 times higher on explants cultured without Gen than those 
cultured on 8 mgL-1. The oxidation rate ranged from 37.5% in the control up to 
97.5% in the explants cultured on 4 mgL-1 Gen. Explants growing on 5 mgL-1 
Gen have 2-fold higher chances to oxidize than those cultured on the control. 
59 
 
Anthocyanin was observed in all treatments and ranged from 0.12% on 7 mgL-
1and 8 mgL-1 Gen to 43.8% on 2 mgL-1 Gen. 
After 90 days on culture, callus formation was observed in 100% of the 
explants on the control medium (Figure 4). Explants cultured on 2 mgL-1 Gen 
had 2-fold higher chances to form callus than explants cultured on 7 mgL-1 Gen. 
Shoot formation rates were not different among treatments. Explants with callus 
forming shoots ranged from 45% in the control to 22.9% in 5 mgL-1 Gen. With 8 
mgL-1 Gen shoots were formed on 26.9% of the explants forming callus. The 
oxidation ranged from 50.5% on 8 mgL-1 Gen to 100% on 2, 3, 4 and 5 mgL-1 
Gen and was statistically different among the treatments. Anthocyanin was also 
not statistically different and ranged from 21.5% of the explants on 8 mgL-1 Gen 
to 46.2% of the explants on 2 mgL-1 Gen (Figure 5). 
 
Figure 4. Logistic regression analysis and adjusted curves of the resuming the data of 
the effect of 8 different concentrations of geneticin (0, 2, 3, 4, 5, 6, 7 and 8 mgL
-1
) in indirect 




Figure 5. Leave explants cultivated on media containing Gen at 8 different 
concentrations after 90 days of culture. (A) Control media, (B and C) explants cultured on 2 
mgL
-1
 of Gen, (D-E) explants cultured on 3 and 4 mgL
-1
 of Gen, (F-I) survived explants showing 
shoots tip cultured on 5, 6, 7 and 8 mgL-1 of Gen, respectively.  
 
3.3. Genetic transformation 
We have tested several factors to increase the genetic transformation 
efficiency of our clone: different pre-culture days, co-culture days, 
concentrations of AS on pre and co-culture, sonication before solid co-culture, 
Km and Gen concentrations and microshoots as explants. Twenty five 
milligrams per liter of Km were used as the standard concentration for all the 
experiments, except when selective concentrations were tested.  
In the majority of the experiments we were not able to regenerate 
transgenic plants, and observed high percentages of escapes on kanamycin at 
low concentrations. The use of AS and Km concentration starting from 50 mgL-1 
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proved to be essential for the regeneration of transgenic plants of clone BRS07-
01.  
In the experiments I and II, we have tested the effects of days in pre-
culture and co-culture in the transformation efficiency. However, although we 
observed some shoots growing on 25 Km, all of them proved to be escapes 
(8.13 and 2.66 %, respectively) with no blue staining to confirm GUS expression 
and either no amplification by PCR.   
Acetosyringone had a positive effect on transformation efficiency on our 
clone. We observed putative shoots growing at all treatments, except on T5. 
After gus staining and PCR analysis, the higher TE was observed on T4 (LC 50 
µM AS + SC 100 µM AS) with 2.67%, followed by 2.0% TE on T9, 1.33% TE on 
T3, and 0.67% TE on T6 and T7 (Table 1). No amplification for uidA and nptII 
genes were observed on the putative shoots growing on T1, 2, 5, 8, 10 and 11, 
proven to be all escapes. However, all the positive treatments had AS during 
solid co-culture, independently of concentration, which shows us that the 
presence of AS is essential to increase Agrobacterium-mediated transformation, 
principally during the co-culture step.  
In experiment IV, we tested sonication time before co-culture on leaves 
or microshoots. Even that had some putative shoots growing on selective 
media, came from leaves explants from the three treatments, all of them were 
confirmed as escapes, after gus staining and PCR analysis. On the other hand, 
when microshoots were used as explants, we observed up to 20.83% of TE 
when the explants were submitted to 120 seconds of sonication. PCR analysis 
confirmed the genes insertion (Fig 6). On 60 and 90 seconds of sonication, we 
did not observe any regeneration on media containing 150 mgL-1 Km.  
In the experiment V we tested two selective agents in the transformation 
of clone BRS07-01. Four, 2 and 10 putative shoots resulted from the treatments 
with 25 and 50 mgL-1 of Km and 5 mgL-1 of Gen, respectively. But only the 
explants cultured on 50 mgL-1 of Km were confirmed as transgenic by 
histochemical GUS assay and PCR analysis, corresponding to 1.3% of TE. The 
others antibiotic concentrations evaluated were ineffective for selection and 





Table 1. Transformation efficiency from Clone BRS07-01 of E. uropylla 
genetic transformation in presence of Acetosyringone (AS) on liquid and solid 
co-culture. Transformation efficiency is the ratio of transgenic plant numbers to 















1 0 0 0±0 
2 50 0 0±0 
3 0 100 1.33±1.8 
4 50 100 2.7±2.6 
5 100 0 0±0 
6 100 100 0.67±1.3 
7 200 200 0.67±1.3 
8 200 0 0±0 
9 0 400 2.0±2.3 
10 400 0 0±0 
11 400 400 0±0 









Figure 6. (A) nptII  PCR amplification from transformants events of Clone BRS07-
01. Legend: M- 1kb marker, B- Blank, CP- Positive control, CN- Negative control, 1-20 
transformed explants showing nptII amplification (≈ 760 bp). (B and C) Stable GUS expression 
on shoot tip derived from Agrobacterium-mediated genetic transformation of clone BRS07-01. 





4.1. Selective agent system for clone BRS07-01 
We have chosen to work with clone BRS07-01 of E. urophylla, once this 
clone has been selected in the genetic breeding program of Embrapa Forestry. 
The clone has characteristically fast growth (wood volume of 0,047 m3/tree at 
the 21st month) and is suitable for multiple uses (Estefano Paludzyszyn Filho, 
Embrapa Forestry researcher, personal communication). However, it is not 
tolerant to drought. As one of the aims of the genetic program is to grow the 
materials on marginal areas, genetic transformation could be a tool to insert 
genes which confer tolerance to water stress. For this reason, we needed to 
develop an efficient transformation protocol for clone BRS07-01. 
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The appropriate selective agent concentration is the critical point before 
genetic transformation procedures. There is a thin line between the phytotoxic 
and harmful effect, affecting the growth of plant cells and the regeneration 
process (QUISEN et al., 2009). Too high concentrations may kill the non-
transformed cells, thereby inhibiting regeneration from transformed cells. 
However, with insufficient concentration, the non-transformed cells may 
overgrow and also inhibit regeneration of transformed cells, allowing the 
regeneration of escapes (CERVERA et al., 2009; KAPAUN and CHENG, 1999). 
Thereby, a selective agent must in some way interfere in the normal metabolism 
of the plant cell but must not affect its subsequent growth and regeneration in 
whole and fertile plant (QUISEN et al., 2009).  
Kanamycin is the most commonly antibiotic used in genetic 
transformation protocols for Eucalyptus species, and it is notable how the 
sensitivity varies within the species. Most of the works focusing in genetic 
transformation protocols described 50 mgL-1 as the appropriate concentration of 
Km (AGGARWAL et al., 2011; DIBAX et al., 2010; MATSUNAGA et al., 2012; 
SILVA et al., 2010). For our clone, this concentration drastically reduced the 
shoot regeneration, and callus formation was observed on 12.5% of the 
explants. This result corroborate with Aggarwal et al. (2011) which observed 
that 50 mgL-1 of Km resulted in drastic decline in shoot regeneration potential 
compared to those cultured on Km-free medium on E. tereticornis explants. 
González (2002a), Quisen et al. (2009)  and Ouyang et al. (2012) also observed 
a decrease on callus formation with the increase of Km concentrations, showing  
that the gradual increase of Km have reduced cellular division, inhibiting 
organogenesis and giving the explants a chlorotic or necrotic appearance on E. 
camaldulensis, E. urophylla, E. grandis and E . grandis x E . urophylla. 
Indeed, the antibiotic sensitivity varies among the species and type of 
explant. For E. globulus cotyledons and hypocotyls regeneration, 75 mgL-1 of 
Km was indicated to be appropriate (MORALEJO et al., 1998), while 100 mg.L-1 
allowed an efficient selection for transformed callus of Eucalyptus globulus 
(SERRANO et al., 1996). Contrary, other authors have suggested to use even 
lower Km concentrations for Eucalyptus species as Silva et al. ( 2010), who 
have suggested levels below 12.5 mgL-1 to select E. saligna transformed 
cotyledons and Mullins et al. (1997), who suggested 9.0 mg L-1 as  effective to 
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select and regenerate E. camaldulensis. However, in our work the concentration 
of 12.5 mgL-1 of Km showed to be less toxic to our clone, and we observed 
32.8% of explants forming shoots, which can lead to an ineffective selection of 
the explants on further genetic transformation works.  
Generally, aminoglycoside antibiotics are very toxic to plant, animal and 
fungal cells (MIKI and MCHUGH, 2004; NAP et al., 1992). Kanamycin is a 
trisaccharide composed of one deoxystreptamine and two glucosamine units  
(2-deoxystreptamine-6-D-glucosamine), that interacts with the 30S and 50S 
subunit of ribosomes, inhibiting protein synthesis in eukaryote plastids and 
mitochondria (MIKI and MCHUGH, 2004; NAP et al., 1992).  
Geneticin, a derivate from 3´OH-containing gentamycin, acts on the 80S 
ribosomal protein to block eukaryotic protein synthesis (YU et al., 2003), similar 
to Km. But, this last is pointed to be even more toxic for plants than Km, so 
normally lower concentrations of Gen are used due the high toxicity to plants 
(GONZÁLEZ, 2002a; KAPAUN and CHENG, 1999). 
However, if we compare the Km and Gen experiments, considering the 
difference of the tested concentrations, we could observed that the callus 
formation was less affected in the explants cultured on Gen, which allowed 
more callus and shoot induction than those observed on Km. The toxic effect of 
4-8 mgL-1 of Gen was higher only than 12.5 mgL-1 of Km, showing that for an  
effective selection of our clone we will need to apply concentrations higher 
concentrations of Gen than those tested, in order to avoid the regeneration of 
non-transformed explants during the genetic transformation procedure. In 
agreement with this observation, González (2002a) reported to have escapes 
when he used concentrations of 2.5 and 5.0 mgL1 of Gen, while 10 mgL-1 
inhibited shoot formation on genetic transformation of E. grandis, and he also 
described better selection when Km was used.  
There are only few reports were Gen was used to select transgenic 
plants of Eucalyptus. When compared Km (100 mgL-1) and Gen (10 mgL-1), 
Andrade (2001) reported variability on the response among  different Eucalyptus 
species, and indicated E. robusta and E. saligna as the more susceptible to this 
antibiotic. Geneticin was reported to have high toxicity on Siberian elm (Ulmus 
pumila L.) than other aminoglycoside antibiotics, were 1.0 mgL–1 inhibited 
significantly shoot formation and at 4.0 mg L–1 the explants were completely 
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killed after 1 week (KAPAUN & CHENG, 1999). For Carica papaya L. Cv. 
Tainung No. 2, concentrations higher than 12.5 mgL-1 of Gen were necessary to 
completely inhibit callus growth on non-transformed explants (YU et al., 2003). 
Moreover, concentrations of 35 and 60 mgL-1 of Gen were suitable for callus 
formation of different sugarcane cultivars (RAZA et al., 2010). When evaluated 
different Gen concentrations as selective agent for A. mangium explants, Xie 
and Hong (2002) observed delayed of 10 days than the control treatment on 
callus and shoot proliferation, when cultured on media supplemented with 10-12 
mgL-1 of Gen, and after 40 days stem segments and shoots cultured with 20 
mgL-1 or higher turned necrotic.  
So according to our results, concentrations above 50 mgL-1 of Km had 
more effect on callus and shoot induction when comparing to the Gen 
concentrations tested.  
 
4.2. Genetic transformation of clone BRS07-01 
Pre-culture and co-culture days did not interfered in the transformation 
process, at least in the experiments evaluated. However, it should be noticed 
that in these experiments, we used only 25 Km, what allowed the regeneration 
of several escapes, and we did not use AS, which later on proved to be 
essential for the genetic transformation of our clone. 
Regarding Km concentration on the transformation protocol, we 
observed that 50 mgL-1 Km was essential to regenerate transgenic plants. Using 
this concentration we observed 1.3% of TE for leaves explants. This result is in 
accordance with other reports as mentioned above for other Eucalyptus species 
that pointed this concentration as appropriate for genetic transformation 
protocols (AGGARWAL et al., 2011; DIBAX et al., 2010; MATSUNAGA et al., 
2012; SILVA et al., 2010). 
We observed that by adding AS to the genetic transformation process, 
the TE enhanced, mainly when 50 µM AS was used during the liquid co-culture 
and 100 µM AS was used on solid co-culture. But, apparently the AS was more 
effective when at least 100 µM was added to the solid co-culture. Similar to this 
result, Alcantara et al. (2011) reported improvement on GUS expression of E. 
urograndis clones  when 50 µM of AS was added to the pre and co-culture 
media. Differently, Spokevicius et al. (2005) reported enhancement of GUS 
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expression adding 100 µM of AS on the bacteria solution before placing with the 
apical segments of E. globulus.   
Indeed, phenolic compounds as acetosyringone are indicated to 
improve plant tissue infection by Agrobacterium by inducing the virulence genes 
in the vir region of Ti plasmid (ALCANTARA et al., 2011). Even that plant 
tissues are natural capable to exudate some vir-inducing signals during the in 
vitro culture process due to some stresses, the stimulation by the natural 
exudates seems not to be sufficient to elicit the vir region, turning necessary the 
addition of exogenous phenolic compounds to the process (ALCANTARA et al. 
2011). 
Beside phenolic compounds, other aspects are highlighted as important 
to improve TE. Prior to the genetic transformation procedure, small wounds are 
made on the explants to turn them more vulnerable to the bacteria gateway and 
infection (KE et al., 2001; MCCULLEN and BINNS, 2006). In response to repair 
the wounded tissue, the cells of the region show higher cellular division rates 
and lower pH, and these phenomena have been indicated to increase the TE 
(MCCULLEN and BINNS, 2006). This observation highlight the importance of 
pre-culture step before the infection time as well as the effect of co-culture time 
because it is the substantial moment for the T-DNA transfer and integration on 
the plant genome (GIRIJASHANKAR, 2011; OUYANG et al., 2012).  
Although we could not observe the pre and co-culture days influence, 1 
day of pre-culture and 3 days of co-culture may have favored the effectiveness 
on TE observed on the AS evaluation. Different pre-culture days were reported 
to improve the GUS expression for Eucalyptus species as 2 days (AHAD et al., 
2014; HO et al., 1998) and 3 days (ALCANTARA et al., 2011) for  E. 
camaldulensis and longer days (4 and 6) for E. globulus (MORALEJO et al., 
1998). And the importance of  co-culture time on genetic transformation  was 
also reported  for E. camaldulensis (HO et al., 1998) and E. globulus 
(SPOKEVICIUS et al., 2005). In the meantime, after optimizing antibiotic 
concentrations, pre-culture times (6 days), pH of the inoculation medium (5.6) 
and co-culture times (6 days), Ouyang et al. (2012) reported 7% efficiency in the 
genetic transformation of E. urophylla hypocotyls with Rs-AFP2 gene. This 
result is beyond that observed for most of the reported on literature for 
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Eucalyptus species genetic transformation by Agrobacterium and which had 
passed through indirect organogenesis regeneration.  
In other protocols, the authors observed: 1.16-2.33% of transformed 
shoots of different clones of E. tereticornins (AGGARWAL et al. 2011), 1.46% 
for E. urograndis (BALIEIRO, 2013), 0.5% for E. saligna (DIBAX et al., 2010), an 
average of 3.98% (MATSUNAGA et al., 2012) and 1.2% (MORALEJO et al., 
1998) for E. globulus. And even using biobalistic, Sartoretto et al.  (2002) and 
Serrano et al. (1996) reported difficulties to regenerate transgenic shoots and 
Balieiro (2013) reported 0.71% of positive transgenes for E. urograndis. Most of 
these works used seeds as source of explants. Higher transformation rates for a 
clonal material was reported by Chen et al. (2001). After they modified and 
optimized the regeneration protocol they reported transformation rates of 8.1% 
and 13.5% for sense and antisense quaking aspen C4H gene on a clonal 
material of E. camaldulensis.  
However, low efficiency is still a main bottleneck for Eucalyptus genetic 
transformation, and the primordial cause is pointed to be the recalcitrance of this 
genus on in vitro procedures (DE LA TORRE et al., 2014; MATSUNAGA et al., 
2012; Ribeiro, 2012). The genotype susceptibility to Agrobacterium strains and 
the nature of the explants are pointed to interfere in TE (GONZÁLEZ, 2002a; 
MACHADO et al., 1997; TOURNIER et al., 2003).  
Higher transformation rates was reported using the sonication, where 
the explants are submitted to sonication while are immersed in an 
Agrobacterium suspension, creating several micro-wounds on the explant and 
enhancing the bacteria contact among the plant tissue to DNA delivery 
(SANTARÉM et al., 1998) and infiltration under vacuum to increase the bacteria 
entrance trough the plant tissue (GONZÁLEZ et al., 2002b).  
Combining both methods, sonication and infiltration, Tournier et al. 
(2003) aiming down-regulation of lignin, reached about 10% of integrative and 
regenerative transformation when submitted leaves explants of E. urograndis for 
15 s sonication and 5 min of infiltration under vacuum. In this case is also 
important to consider the fact that they pre-cultured the explants for 2 days and 
co-cultured for 5 days with 50 µM of AS and added 1 mM of proline at the liquid 
co-culture medium prior the infection time, which act as an osmoprotectant 
favoring several virulence genes expression (GALLEGO et al., 2003). González 
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et al. (2002b) also reported increase of transient GUS expression when seed 
and seedlings of E. urograndis where submitted to sonication before and after 
bacteria inoculation. Silva et al. (2011) observed high level of GUS expression 
on E. saligna Sm shoot tip explants after co-culture without or with 100 µM of 
AS, but these authors did not regenerated transgenic plants. The β-
glucoronidase activity and stability was studied by Andrade (2001), he observed 
that over time the axillary buds submitted to biobalistic showing GUS staining 
were reduced significantly from 52% to 8.6% after 15 days.   
The advantage of using microshoot explants instead of leaves was 
mentioned by Silva et al. (2011) who pointed that they are easier to manipulate 
due to the size, the high regenerative ability, less occurrence of oxidation,  the 
regeneration phase which is the limiting factor for many elite species and clones 
(NEHRA et al., 2005) and consequently the reduced chances of somaclonal 
variation.   
Our results confirmed that it is better to use microshoots as explants 
instead of leaves. By using this type of explant and combining pre-cultured (1 
day), 120 seconds of sonication and co-cultured (3 days) with 100 µM AS, the 
TE was increased up to 20%. This result was much higher than the TE 
observed from leaves explants. Moreover, the transgenic shoots recovery was 
much faster, due the unnecessity to wait for all organogenic process.   
The sonication-assisted Agrobacterium-mediated transformation system 
(SAAT) has been documented to improve TE. Gallego et al. (2003) reported 
higher GUS positives rates (74%) on microshoots of E. globulus, using this 
system and infiltration by vacuum pump and a desiccator. However, they grow 
the Agrobacterium strains with 100 µM of AS and 1 µM of proline. Recently, de 
la Torre et al. (2014) reported 65% GUS positive expression of microshoots 
from a E. globulus elite clone also using the combination of SAAT and 
infiltration. This last two mentioned reports, clearly illustrate that the TE have 
more probability to increase using microshoots as explants and the SAAT. 
Although they results were not clear for the exactly overall TE achieved. 
 
 





We obtained a highly efficient genetic transformation protocol for clone 
BRS07-01 of E. urophylla. Acetosyringone in the pre or co-culture and initial 
concentration of 50 mg L-1 Kanamycin  proved to be essential for genetic 
transformation. Microshoots were more efficient as source of explants than 
leaves. In the concentrations we tested, kanamycin was more effective as 
selective agent than geneticin. 
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CHAPTER III- Can endophytic bacteria cause constraints in genetic 




Eucalyptus species are known to be very recalcitrant to Agrobacterium 
tumefaciens genetic transformation. Since we observed endophytic bacteri 
growing in Eucalyptus spp. micropropagated plantlets, the objective of this work 
was to evaluate if these microorganisms can be somehow involved in the low 
efficiency of the genetic transformation of Eucalyptus urophylla via 
Agrobacterium tumefaciens, either by producing antagonistic substances, or by 
physical barrier to the Agrobacterium strain. We isolated endophytic bacteria 
from the clone BRS07-01 of E. urophylla maintained in vitro for over 1,5 year. 
After sequencing we could identify two of the isolates as Stenotrophomonas 
maltophilia. Histochemical GUS assay of this isolate revealed that this isolate 
produces betaglucuronidase, suggesting that this test could be leading to false 
positives in the genetic transformation of Eucalyptus using the uidA as a marker 
gene. We analyzed the isolate for the production of substances or 
characteristics that could be inhibiting the A. tumefaciens infection or growing. 
We observed that the isolate GB701 produces biofilm that could be a barrier to 
the Agrobacterium infection. Furthermore, although we could not observe 
inhibition by the paring test, the Stenotrophomonas genus is known to produce 
several antibiotic compounds, responsible for the biological control of soil 
microorganisms, and we suggest that they could be somehow interfering in the 
A. tumefaciens infection. 
 
Key words:  Stenotrophomonas; biofilm; IAA production;  
 
1. INTRODUCTION 
Many microorganisms taxa have the ability to live as plant endophytes, 
such as Rhizobia which is probably the most studied plant-bacteria interaction 
bacteria (TAGHAVI et al., 2009). Endophytes can have beneficial, detrimental 
and/or neutral interaction with the plants (HUNG and ANNAPURNA, 2004). 
They live in symplast or apoplast in the plants (GUNSON and SPENCER-
PHILLIPS, 1994; HAKIMANA et al., 2011), receiving nutrients from the host 
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plant and mutually conferring direct or indirectly support and/or increasing the 
plant health and growth, without substantively harming it (DAWWAM et al., 
2013; HADDAD et al., 2013; HAKIZIMANA et al., 2011).  
The benefits of endophytes for plant growth and health varies from 
production of plant growth regulators (PGRs), promotion of mechanisms that 
involves nitrogen fixation, syntheses of particular compounds to facilitate the 
uptake of certain nutrients as mineral phosphates, overcoming phytotoxic 
effects caused by environmental contamination, suppression of stress ethylene 
synthesis by 1-aminocyclopropane-1-carboxylate (ACC) deaminase activity, 
induction of resistance to phytopathogens through competition for space and 
nutrients, antibiosis, production of siderophores, hydrolytic enzymes, inhibition 
of pathogen-produced enzymes or toxins, and through systemic induction of 
plant defense mechanisms (AHMAD et al., 2014; HUNG and ANNAPURNA, 
2004; DAWWAM et al., 2013; ZHUANG et al., 2007; VAN DER LELIE et al., 
2009; TAGHAVI et al., 2009). Even so, the plant-bacteria symbiosis association 
is socioeconomically beneficial, since they improve the plant overall 
performance, enhancing multiple applications as biomass production, carbon 
sequestration and phytoremediation (TAGHAVI et al., 2009).   
However, in micropropagation, sometimes the presence of endophytes 
can be harmful for in vitro culture of the plantlets. In vitro conditions create a 
perfect environment that  facilitates the growth of endophytes, primarily because 
of the complex media which contain several nutrients (ASIF et al., 2013; JENA 
and SAMAL, 2011). This can be a problem when the growth of endophytes 
overgrow the plant tissues, competing for the medium nutrients leading to the 
plant death or even disturb the conduct of the experiments  (ASIF et al., 2013; 
ULRICH et al., 2008; CAREY et al., 2015).   
The presence of endophytic microorganisms can be even more harmful 
if these can somehow hinder the genetic transformation via Agrobacterium 
tumefaciens. Once these microorganisms are responsible for pathogen 
tolerance in plants, they could be involved in defense mechanisms against A. 
tumefaciens virulence or infection process.  
This work aimed to isolate and characterize endophytic bacteria from 
clone BRS07-01 of Eucalyptus urophylla and to investigate their influence on 
genetic transformation of this clones via Agrobacterium tumefaciens.   
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2. MATERIAL AND METHODS 
 
2.1. Plant material  
In vitro micropropagated plantlets of clone BRS07-01 of Eucalyptus 
urophylla were used as explants for endophytic bacteria isolation. The clone 
was maintained for 1.5 year on MS medium (MURASHIGE and SKOOG, 1962) 
containing 30 g L-1 sucrose, 0.88 µM BAP, 0.2 mg L-1 myo-inositol and 7 gL-1 of 
agar, in a growth room at 23±2°C under white fluorescent light with an 
irradiance of 40 μmol.m-2.s-1 and 16 hours of photoperiod at Embrapa Forestry, 
Colombo- Brazil.  
 
2.2. Isolation of endophytic bacteria from the clone BRS07-01 of E. 
urophylla 
To isolate endophytic bacteria, leaves with petiole of the plantlets, 
without visual presence of contamination, were placed on solid lysogeny broth 
(LB) (SAMBROOK et al., 1989) medium (containing 10 g L-1 of NaCl, 10 g L-1 
tryptone and 5 g L-1 yeast extract, pH 7,0) and incubated in the dark at 23°C to 
allow bacteria growth. After 3 days, the bacteria growing around the explants 
were transferred to a fresh solid LB medium and cultivated for another 3 days at 
the same conditions, to purify the colonies. Then, 5 single colonies were picked 
and maintained at 4°C on solid LB medium for further tests.  
 
2.3. Effect of temperature on growth of isolate GB701 
We evaluated the effect of three different temperatures on the growth 
rate of isolate GB701: 23, 25 and 28 ºC. The isolates were streaked on solid LB 
medium on agar plates and cultivated for 3 days in the dark, to observe the 
bacteria growth. This experiment consisted on three replications. 
 
2.4. Sequencing of the isolate GB701  
The phylogenetic assignment of one isolate (GB701) was carried out by 
sequence analysis of the 16S rRNA gene. Total genomic DNA extraction was 
done as described by Vicente et al. (2008), using silica:celite (2:1) for 
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maceration in CTAB (Cetyltrimethylammonium bromide) and CIA 
(chloroform:isoamyl alchol). After DNA precipitation, the DNA was quantified 
using NanoDrop 1000 (Spectrophotometer Thermo Scientific) and by agarose 
gel (1%) quantification.  For the sequence analysis of the 16S rRNA gene, 
universal primers fD1 (5’-AGAGTTTGATCCTGGCTCAG-3’) positions 8 to 27 
and rD1 (5’-AAGGAGGTGATCCAGCC-3’), positions 1541 to 1525  Y1 (5’-
TGGCTCAGAACGAACGCTGGCGGC-3’) and rD1 (5’-
GCTTAAGGAGGTGATCCAGCC-3’) from E. coli strain K12 described by 
Weisburg et al. (1991) were used to amplify (amplicons with 1500 bp). The PCR 
reactions were performed under the following conditions: PCR mixture (25 µl) 
containing 1.0 U Taq DNA polymerase, 2.0 mM MgCl2, 1x PCR buffer, 2.0mM of 
each dNTP, 0.4 mM of each forward and reverse primer (Invitrogen, Brazil) and 
approximately 50 ng template DNA and submitted to 1 cycle of 94ºC for 2 min; 
35 cycles of 94ºC for 1 min, 58ºC for 1 min and 72ºC for 2 min, 1 cycle of 72ºC 
for 6 min.  The resulting PCR products were ligated into pGEM- T Easy vectors 
(Promega, France) and cloned using E.coli DH5α (InvitrogenTM, Brazil ). Then 
the plasmids containing the 16S rDNA inserts were purified using the Wizard 
miniprep DNA purification system and submitted to another PCR reaction 
(Promega, USA). The amplicons integrity was observed on 1% agarose gel 
electrophoresis, photographed by a Cannon PowerShot S2 IS camera under 
Syngene Bio Imaging program.  After that for the amplicons purification before 
sequencing, they were submitted to PEG purification: 50 µL of 20% PEG were 
pipetted on the PCR tubes containing the amplicons, gently mixed by pipetting 
up & down and rested for 30 min at 37ºC. After that they were centrifuged for 20 
min at 13000 rpm and the supernatant were discarded. One hundred and twenty 
five microliters (125 µL) of freezing ethanol 80% was added and centrifuged for 
2 min more and discarded the supernatant. This step was repeated with 
freezing ethanol 96% and then the pellet was left to dry at 45ºC for 1 h. After all, 
the pellet was suspended with 15 µL of water milliQ and left at room 
temperature for 2 h. The sequencing of the amplicons was carried out using the 





Table1. Reference strains from Stenotrophomonas gender. 
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Number 
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ATCC 13637 oropharyngeal region 










 pavanii  

















(-) no observed. Source: http://www.bacterio.net/stenotrophomonas.html 
 
 
Alignment and Phylogenetic construction 
The obtained sequences edition was performed using the Staden 
program version 1.6 (BONFIELD et al., 2002). The sequences were compared 
with sequences from isolates deposited in the reference database (NCBI 
(National Center for Biotechnology Information -. Http://www.ncbi.nlm.nih.gov/) 
and by BLAST program (ALTSCHUL et al., 1997) to detect similarity between 
the sequences. To alignment, the Mafft program 
(http://mafft.cbrc.jp/alignment/server/) was used, performing a visual inspection 
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by MEGA software version 5.1 (TAMURA et al., 2011). To phylogenetic analysis 
all the 12 known strains of Stenotrophomonas gender, using E.coli O157:H7 
(STEC O157:H7) as outgroup based on Kaparullina et al. (2009) (Table 1). The 
Maximum Likelihood phylogenetic tree was built with 1000 bootstrap, using the 
evolutionary model Kimura 2 Parameters using the MEGA program to version 
5.1 for final edition (TAMURA et al., 2011). 
 
 
2.5. Electronic microscopy for detection of endogenous bacteria 
For electronic microscopy detection leaves with petiole explants and 
callus formed from leaves of clone BRS07-01 were fixed according to 
(BOMBLIES et al., 2008). The explants were immersed in FAA fixative (3.7% v/v 
formaldehyde, 50% ethanol, 5% acetic acid) and left overnight (~18h) at 4ºC. 
Afterwards, explants were rinsed 3 times in 25 mM sodium phosphate buffer 
(pH 7) before dehydrating in an ethanol series (30%, 50%, 70%, 95% and 100% 
dry, 30 min each step). The 100% dry ethanol was repeated twice and the 
explants were stored overnight at 4°C. After that, the explants were dried using 
the critical point technique and coated with gold. The photomicrograph was 
taken by a JEOL (JSM 6360-LV) scanning electron microscope (JEOL Ltd., 
Japan) at the Electronic Microscopy Centre, UFPR.  
 
2.6. Histochemical Gus assay  
The histochemical assays were carried out in in vitro plantlets of clone 
BRS07-01 under micropropagation, on calli of the same clone and in the isolate 
GB701 cultured on petri dishes.  
For this test, isolate strains were streaked on a petri dish with LB 
medium containing 250 mg L-1 of X-gluc compound (inoculated after 
autoclavation) and cultivated at the same conditions for 48 h. After that we 
evaluate qualitatively the GUS staining. To evaluate the endogenous GUS 
staining for the clone BRS07-01 we performed histochemical analyses as 
described by Jefferson (1987). In vitro shoot explants and calli explants from E. 
urophylla were immersed on a solution containing 10mM Na2EDTA.H2O, 0,1% 
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Triton X-100, 0,1 M NaH2PO4, 0,5 M K3Fe(CN)6, and 250 µg.mL-1 5-bromo-4- 
chloro-3-indolyl β-D-glucuronic acid (X-GLUC, Gold Biotecnhology Inc, USA) 
and incubated for 16 h at 37°C. After that, the explants were washed several 
times with ethanol 70% to remove chlorophyll, and the GUS staining was 
observed and photographed.  
To promote callogenesis of clone BRS07-01 of Eucalyptus urophylla, 
leaves were collected from in vitro grown plants and inoculated in petri dishes 
with 20 mL of the callus induction medium (CIM) [WPM (LLOYD and MCCOWN, 
1981) containing 30 gL-1 sucrose, 0.5 µM TDZ, 0.1 µM NAA, 0,1 mg L-1 myo-
inositol, 500 mg L-1 PVP and 7 gL-1 agar]  for 30 days at 23±2°C in dark. The pH 
of all media was adjusted to 5.8 before autoclaving for 20 min at 120°C 1atm. 
 
 
2.7. Antagonist activity of isolate GB701 over Agrobacterium 
tumefaciens strain EHA105 
Different methods were used to observe antagonistic activity of the 
isolate GB701 against A. tumefaciens strain EHA105. 
Experiment I: First a dual culture assay was evaluated. Agrobacterium 
tumefaciens was streaked in solid LB medium and disks of the isolate, 
previously grown on solid LB medium, were placed on the center of the petri 
dish with A. tumefaciens, and cultured for 48 h at 28°C.  
Experiment II: To observe antagonist activity, both bacteria strains were 
streaked side by side in solid LB medium and cultured at the same conditions. 
Experiment III: To observe if any compound produced by the isolate had 
any interference on the A. tumefaciens growth, we cultured the isolate overnight 
with 100 mg L-1 of tryptophan. The log phase bacteria solution was centrifuged 
for 10 min at 5985 g to obtain a cell-free culture filtrate. Then the filtrate was 
added to solid LB medium (v/v 20%) and the Agrobacterium strain was streaked 
over the medium and cultured for 48h at the same conditions, to observe the 
growth. A control plate was done with LB medium with no filtrate and a LB 
medium with the filtrate without Agrobacterium inoculation. All the evaluations 




2.8. Antibiotic sensitivity test of isolate GB701 
We tested the sensitivity of the isolate GB701 to five different antibiotics, 
all of them in 3 different concentrations (except for gentamycin): amoxicillin 
(150, 180 and 200 mg L-1), cefotaxime (180, 200 and 300 mg L-1), kanamycin 
(12.5, 25 and 50 mg L-1) and gentamycin (5 mg L-1). The antibiotics solutions 
were introduced after autoclavation on solid LB medium. The strain was 
inoculated on the medium and incubated for 72 h at 23°C and then evaluate the 
sensitivity. The evaluation measure was based on the bacteria growth, which 
the ability to grow in the medium was considered no sensitivity to the antibiotic. 
To the evaluation we performed a control treatment without antibiotics, and the 
experiment was conducted in triplicate for each isolate. 
 
2.9. Biofilm formation 
Formation of biofilm was tested as described by Barbosa et al. (2005) 
with some modifications. The test was carried out in 15 ml polypropylene tubes 
containing 2-3 ml of LB medium and 100 µl of an exponential-phase culture 
grown overnight of the isolate GB701 in the same medium. The tubes were 
incubated for 24 h without agitation at 23°C. The cultures were discarded and 
the tubes were rinsed with distilled water and stained with a solution of 1% 
crystal violet for 15 min and subsequently washed to remove excess stain. The 
isolate test was in duplicates and the controls consisted of an uninoculated tube 
and a tube inoculated with exponential-phase cells for 10 min before washing. 
The tubes were evaluated for the presence of a purple ring at the tube wall. 
 
2.10. Indole acetic acid (IAA) production 
The ability of the isolate GB701 to produce IAA was determined 
qualitatively and quantitatively. The isolate was cultured overnight on LB 
medium at 23°C, and them 200 µL of this bacterial culture were inoculated on a 
50 mL Erlenmeyer flask containing 25 ml of LB medium with tryptophan (0.1 %), 
and incubated for 4 days at 23ºC at 80 rpm, in dark. After that, the cultures were 
centrifuged at 958 g for 30 min, and 2 ml of the supernatant was mixed with 2 
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drops of orthophosphoric acid and 4 ml of Salkowski’s reagent (50 ml, 35% 
perchloric acid; 1 mL 0.5M FeCl3) was added, and the mixture was allowed to 
stand for 25 min. The indole acetic acid (IAA) production was measured 
qualitatively, by observation of the production of rose color, and quantitatively by 
the measure of the intensity of the rose color at 530 nm using a 
spectrophotometer (UV Espectrophotometer 1800, Shimadzu). For quantitative 
determination, a standard curve (from 0-100 µg/L) was also developed with a 





3.1. Isolation and sequencing of the isolate 
After three days culture on LB medium, we could observe the 
overgrowth o endophytic bacteria around the leaves of E. urophylla clone 
BRS07-01. The bacteria were streaked on new LB plates and we could observe 
the formation of several single colonies. From those, we purified 5 isolates, 
which were used for further PCR amplification.  
The DNA was isolated and the 16S region was amplified for 
sequencing. We were able to sequence two isolates and both were identified as 
Stenotrophomonas africae (Figure 1). This species was first identified by 
Drancourt et al. (1997), but in 2004, Coenye and collegues compared this strain 
type with S. maltophilia and with other species from this genus, and concluded 
that S. africae is a later synonym of  S. maltophilia. Therefore, our isolates were 





Figure1. 16S rDNA-based dendrogram showing the phylogenetic position of 
Stenotrophomonas africae (isolate GB701) among other Stenotrophomonas species and E. coli.  
 
3.2. Effect of temperature on the isolate GB701 growth 
We tested the growth of isolate GB701 under three different 
temperatures. We could not observe differences in the bacteria growth among 
the temperatures, suggesting that the isolate presents plasticity and can growth 
at least in temperatures ranging from 23 to 28C.  
 
3.3. Histochemical Gus Assay of shoots and callus from clone BRS07-
01 of Eucalyptus urophylla and of the isolate GB701 of 
Stenotrophomonas maltophilia 
The isolate GB701 was able to metabolize the X-gluc substrate, what 
could be observed by the blue staining of colonies growing on LB medium after 
48 h of culture (Fig 2 A). Blue staining was also observed in internal tissues of 
shoots of micropropagated plantlets of clone BRS07-01, especially at the 






Figure 2. (A) Positive endogenous GUS for GB701. (B) Positive endogenous GUS for 
formed callus of leaves explants from BRS07-01 clone (Bar=0.5 cm); (C) Positive endogenous 
for shoot explants BRS07-01 clone (Bar= 1.0 cm).  
 
3.4. Antagonist activity from the isolate GB701of Stenotrophomonas 
maltophilia over Agrobacterium tumefaciens  
No antagonistic effect was observed between the isolate GB701 and A. 
tumefaciens EHA105. Both bacteria grow normally, without any apparent 
interference with the dual culture and even by culturing side by side (Fig. 3 A 
and B). However, even that the A. tumefaciens could grow in LB containing the 
cell-free filtrate, we observed that the bacteria pattern was quite different over 
the Agrobacterium control plate (Fig. 3C), showing that the cell-free filtrate could 




Figure 3. Antagonist activity from the isolate GB701 of Stenotrophomonas maltophilia 
over Agrobacterium tumefaciens. (A): first plate with GB701 strain (on left) and A. tumefaciens 
(on right), the second plate is the control with only A. tumefaciens. (B) first plate A. tumefaciens 
growing on LB medium with 20% of GB701 supernatant and the second plate is the A. 
tumefaciens control plate, growing on LB medium. (C) Pareament test from the isolate GB701 
over A. tumefaciens, the first plate is showing the growth of the isolate disc over the 
Agrobacterium strain, the next represents the A. tumefaciens control plate (on midle) and the 
isolate GB701 control growth. Bar= 1.0 cm.   
 
3.5. Antibiotic resistance test of isolate GB701 
The isolate GB701 showed different sensitivity levels for the antibiotics 
tested, although not among the concentrations of each one (Table 2). On media 
containing kanamycin and geneticin, the isolate could growth as well as in the 
control plates without antibiotics. On media containing amoxicillin and 
cefotaxime the bacteria could grow at the concentrations evaluated.  
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Amoxicillin 150 + 
 180 + 
 200 + 
Cefotaxime 180 + 
 200 + 
 300 + 
Kanamycin 25 - 
 50 - 
Geneticin 5 - 
(+) shows sensitivity to the antibiotic which the isolate couldn’t grow and 
(-) shows that the isolate could grow in the antibiotic and demonstrated no 
sensitivity. 
 
3.6. Electronic microscopy image and Biofilm formation 
The MVE image showed the presence of bacteria micro-colonies at high 
density between the intercellular space of the leaves and callus tissues (Fig. 4). 
The bacteria could be classified as having bacillus morphology, characteristic of 
Stenotrophomonas maltophilia. Colonies of bacteria forming a biofilm matrix 
could be observed on leaves and callus.  
The isolate GB701 was tested for biofilm production at polypropylene 
tube walls. We observed a stained purple ring at the tube wall, confirming the 





Figure 4. MVE images showing the presence of bacteria colonization in the interface of 
leaf tissue of the E. uropylla BRS07-01 clone. (A and B) images from leaf of in vitro 
micropropagated shoots of clone BRS07-01, arrows showing bacteria with bacillus shape and 
presence of a biofilm matrix. Bars = 10 and 5 µm, respectively. (C and D) images from callus of 






Figure 5. (A) Confirmation of biofilm formation by the isolates (tube 1- negative control, tube 2 
and 3- control with isolate incubated 10 min before staining, tube 4 and 5- confirmation of biofilm 
formation by the pellet formed (arrows) from GB701 isolate. (B) Qualitative result confirmation of 
IAA production from both isolates.  
 
3.7. IAA production by isolate GB701 
We observed the production of 0.055 µg mL-1 of the auxin IAA after 4 
days of culture on LB medium containing 25 mL of LB medium with tryptophan 
(0.1%), and measured using Salkowski’s reagent at 530 nm. 
 
4. DISCUSSION 
Endophytic microorganisms live in symbiosis with plants in nature, and 
can help plants in their plasticity, to survive biotic and abiotic stresses. In tissue 
culture, these organisms live inside the culture, probably with the same benefits 
as in the nature. However, under certain circumstances, they can be harmful 
and interfere on the in vitro plants growth (LUNA et al., 2013).  
In our laboratory, we have E. urophylla clones under micropropagation 
for over 1.5 year. Although we cannot observe endophytic bacteria growing in 
the cultures, we observed the presence of bacteria in the medium after some 
time in organogenesis experiments from leaves. As the aim of our 
organogenesis was to use the explants for genetic transformation, and our 
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efficiency via Agrobacterium tumefaciens transformation was low (2%), we 
decided to investigate if the endophytic bacteria of our clone could somehow 
hinder the growth or the infection process of the A. tumefaciens.  
After placing leaves of the E. urophylla clone BRS07-01 on LB plates, 
we isolated 5 colonies, grown for further studies. By sequencing of 16s rRNA 
region, one of our isolates, GB701 showed 100% homology to 
Stenotrophomonas africae (synonym of S. maltophilia), a gram negative 
bacteria. This  genus has at least known 12 species, and the most reported 
species is the S. maltophilia (RYAN et al., 2009). This bacteria is found 
throughout the environment and seems to be well adapted to live in association 
with both plant and human hosts, been also identified as an endophytic bacteria 
(TAGHAVI et al., 2009; RYAN et al., 2009; POMPILIO et al., 2010). Bacteria of 
this genus have benefic effects for plant growth and health, the breakdown of 
natural and manmade pollutants that are central to bioremediation and 
phytoremediation strategies and the production of biomolecules of economic 
value, as well as detrimental effects, such as multidrug resistance, in human 
pathogenic strains (RYAN et al., 2009). Stenotrophomonas spp. was also found 
in poplar tissue culture in association with other bacteria genus, as 
Paenibacillus and Methylobacterium (ULRICH et al., 2008) and in Ilex 
paraguariensis shoot cultures (LUNA et al., 2013). The symbiosis interaction 
with plant may suggest that this genus can confer plant tolerance over 
pathogens. 
Once our isolate GB701 was identified, we tested the influence of 
temperature on its grow. We tested 23, 25 and 28C, once these are the 
temperatures used for the micropropagation of E. urophylla clone BRS07-01 
and growth of A. tumefaciens, respectivelly. We did not observe difference on 
the growth on the three temperatures, suggesting that this factor will not 
influence the growth of our isolate during the genetic transformation process of 
A. tumefaciens.  
Once we previously observed that after genetic transformation of E. 
urophylla clone BRS07-01 the explants stained blue in histochemical test even 
in the control plants, we decided to test our isolate GB701 for the expression of 
betaglucuronidase gene, as well as the micropropagated plantlets of clone 
BRS07-01 and calli induced on its leaves. 
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The uidA gene is most widely used  reporter gene in transgenic plant 
research (XIONG et al., 2011) owing to be simple, easy to quantify, highly 
sensitive assay and  cost-effective (GILISSEN et al., 1998; MIKI and MCHUGH, 
2004; XIONG et al., 2011). On the other hand, was expected little or no 
detectable of beta-glucuronidase in higher plants (JEFFERSON, 1987; SUDAN 
et al., 2006). However, there are reports of endogenous GUS-like activity in 
vegetative tissues (SOLÍS-RAMOS et al., 2010), which can be a problem on 
plant genetic transformation because can lead to “false positive” results (FIOR 
and GEROLA, 2009; HU et al.,1990; SOLÍS-RAMOS et al., 2010; SUDAN et al., 
2006; TOR, 1992; WILSON et al., 1992).  
Therefore, some authors attributed  the endogenous GUS background 
activity in plants assays to endophytic microorganisms or microbial 
contamination during the enzyme assay (RAINERI et al., 1990; WILSON et al., 
1992). Other two researchers  also attributed to endophytes the GUS 
background, Wilson et al. (1992) and Tor (1992). This last author found that the 
endophytic bacteria from aseptically micropropagated shoot cultures of the 
monocotyledonous genus Dioscorea (yam), which later were identified as two 
species of Curtobacterium, could express GUS with a variety of glucuronide 
substrates, and was responsible for the false positive results during plant 
transformation experiments. Meanwhile some Stenotrophomonas species were 
reported to be positive for β-Glucosidase activity among the S. maltophilia 
(KAPARULLINA et al., 2009), S. rhizophila (WOLF et al., 2002), S. terrae 
(HEYLEN et al., 2007), S. acidaminiphila (ASSIH et al., 2002), which supports 
our histoquemical GUS assay result, pointing that our isolate has β-Glucosidase 
activity and may be responsible for the positive GUS response in eucalyptus 
tissues. 
In the in vitro plant, we observed that the blue stain was concentrated 
mostly in the vascular tissue (Fig. 2B) suggesting that the concentration of the 
endophytic bacteria is higher in these tissues. The presence of endophytic 
bacteria was also confirmed on leaves of clone BRS07-01 after blue staining 
and on the callus forming from leaves on organogenesis experiment. 
The MVE images showed high concentrations of endophytic bacteria 
within the plant tissues, allowing the visualization of the bacteria biofilm (Fig. 4). 
As defined by Costerton et al. (1995) “biofilms are a matrix-enclosed bacterial 
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populations adherent to each other and/or to surfaces or interfaces”. This is one 
of the mechanisms from bacteria phenotypic plasticity to respond through 
different environmental stimuli to favor their growth (COSTERTON et al., 1995). 
Bounding near the surface it suggests a strong survival and/or selective 
advantage for the bacteria community than living at their free-ranging 
counterparts. Moreover, in an aqueous environment the nutrients tend to 
concentrate near to a solid surface (DUNNE Jr, 2002).  
The biofilm functions as a cooperative consortium, in a relatively 
complex and coordinated manner, which requires collective bacterial behavior 
(DAVEY and  O’TOOLE, 2000) and confer protection to the bacteria 
communities from the adverse environmental conditions and from biological and 
chemical threats antibacterial agents (COSTERTON et al., 1995; SILVA et al., 
2011). Basically the biofilm is composed by microbial cells and the EPS 
(extracellular polymeric substance), which can be up to 90% of the composition 
(DONLAN, 2002), and protein, nucleic acids, and other substances (DAVEY and 
O’TOOLE, 2000). Even so, this matrix creates a three-dimensional force field 
that surrounds, anchors, and protects surface-bound bacteria (DUNNE Jr, 
2002), and acts as an ion exchanger preventing the physically access of certain 
antimicrobial agents into the biofilm surround area (DAVEY and O’TOOLE, 
2000; GILBERT et al., 1997). This EPS mechanism may explain the 
recalcitrance to genetic transformation of this E. urophylla clones. The biofilm 
could be acting as a layer above the plant cell tissues, merely preventing the 
Agrobacterium approach and infection by providing a physical barrier, blocking 
the access to the gene transfer to the plant genome.  
Another species of Stenotrophomonas has already been reported as 
capable of producing biofilms. Pompilio et al. (2010) cultured on epithelial cells 
(IB3-1 cells) and also on polystyrene surfaces several strains of this genus and 
observed biofilm formation. After 24 h of infection, they also observed by 
scanning electron microscopy and confocal laser scanning micrographs, that S. 
maltophilia microcolonies were scattered across almost all IB3-1 cells and over 
the extracellular matrix.  
The dual culture evaluation that we used did not revealed any 
antagonisms between the two bacteria. But when cultured on LB medium 
containing the cell-free filtrate, the A. tumefaciens growth showed a different 
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pattern from the control, suggesting that it is possible that our isolate produces a 
compound which can interfere on the Agrobacterium growth, as diffusible and 
volatile compounds as reported by Chaurasia et al. (2005) which observed that 
diffusible and volatile compounds of Bacillus subtilis strain caused antagonist 
activity over fungus causing morphological abnormalities in fungal structures.  
According to Chaurasia et al. (2005), bacteria antagonism activity can 
be confered by a variety of compounds of microbial origin (bacteriocins, 
enzymes, toxic substances, volatiles, and others). The Stenotrophomonas 
genus is reported to produce bacteriocin compounds (LIIU et al., 2013). Liu et 
al. (2013) discovered a novel phage tail-like bacteriocin, named maltocin P28, 
produced by S. maltophilia strain P28. Using one of the open reading frames 
genes of the maltocin P28, Dong et al. (2015) produced a recombinant 
endolysin (P28), which contain the lysozyme-like superfamily conserved, and 
tested the antibacterial spectrum against various Gram-negative and Gram-
positive bacteria. After further analysis they observed that this endolysin was 
able to lyse all of the tested Gram-positive bacteria and against three Gram-
negative bacteria (from a totally of 5), showing to have a hydrolysis activity 
against peptidoglycan. As it known, endolysins acts by digesting the 
peptidoglycan from the bacterium cell wall, causing a hole and consequently a 
lethal effect (DONG et al., 2015; FISCHETTI, 2010). So, the authors believe that 
endolysin P28 was not effective for all the Gram-negative bacteria, once on 
these bacteria present an outer membrane, which is impermeable to 
macromolecules and makes a physical barrier for endolysin to access the 
peptidoglycan layer (DONG et al., 2015).  
Once we normally use antibiotics in two different phases of genetic 
transformation of Eucalyptus, as a selective agent to regenerate events, and to 
kill the Agrobacterium tumefaciens, we tested the most used antibiotics to 
evaluate their effect on Stenotrophomonas maltophilia growth and if this growing 
could be somehow explaining the mechanisms of interference among S. 
maltohilia and A. tumefaciens during genetic transformation of E. urophylla. We 
evaluated the antibiotic sensitivity from isolate GB701 based on the 
concentrations used in genetic transformation protocols. The isolate showed the 
same pattern of sensitivity/resistance as A. tumefaciens, suggesting that this is 
probably not the main factor of interference. The isolate was sensitive for all the 
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tested concentrations of amoxicillin and cefotaxime, which are used to control 
and avoid the Agrobacterium growth after the co-culture step (ASIF et al., 2013; 
GREWAL et al., 2006; YU and WEI, 2008). This two antibiotics have a wide 
spectrum against gram-negative bacteria (ASIF et al., 2013) and acts by 
inhibiting bacterial cell wall synthesis and rising cell lysis (LEIFERT et al., 1990).  
Contrariwise, they were not sensitive for kanamycin and geneticin, which are 
mostly used in plant genetic transformation as selective antibiotics, to kill the 
non-transformants explants. However, the major problem is that we are not 
dealing only with free living organisms but also with biofilms bacteria 
communities, which turn them more resistant to antimicrobial agents, and 
requires higher concentrations of antibiotics, over three or four orders higher, to 
achieve bactericidal activity against adherent organisms (DUNNE Jr, 2002; 
GILBERT et al., 1997). 
Although we could not observe an antagonistic response from S. 
maltophilia against A. tumefaciens, the use of endophytic microorganisms as 
biological control  for pathogen is becoming more regularly (HAKIZIMANA et al., 
2011). The  genus Stenotrophomonas its well-known to be an excellent natural 
antagonist to pathogen infection, growth and survival (MESSIHA et al., 2007).  
Jakobi et al. (1996) reported an antifungal macrocyclic lactam antibiotic 
production called maltophilin (β-lactamase L1) from S. maltophilia R551-3 which 
confer resistance, antagonistic mechanism and inhibit the growth of various 
saprophytic, zoopathogenic and phytopathogenic fungi.  
In 2009, Van der Lelie and collegues, showed that this same strain was 
capable to produce a large spectrum of syderophors related to iron uptake, 
including syderophors receptors for ferricalcaligin and ferrichrome, produced by 
several phytopathogenic fungi (ARDON et al., 1997). This characteristic turns 
out the capability to compete with pathogenic microorganisms for ferrous iron, 
which is often a major microbial growth limiting factor, and control their growth 
(VAN DER LELIE et al., 2009). Still, the S. maltophilia R551-3 strain was also 
observed to grow on media with mannitol as sole carbon source (TAGHAVI et 
al., 2009), which can lead to a possible defense ability to the host plant  against 
mannitol-secreting pathogenic fungi by metabolizing mannitol  (VAN DER LELIE 
et al. (2009).  
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Also, plant associated bacteria, as Stenotrophomonas genre, are 
related to have biocontrol effects against other soilborne microorganisms 
pathogens by space competition, production of inhibitory allelochemicals and 
induction of systemic resistance in host plants (HRYNKIEWICZ and BAUM, 
2012; COMPANT et al., 2010).  
Several endophytic bacteria are able to synthetize plant growth 
regulators, such as IAA. Plant growth and development is strictly related to plant 
growth regulators, which acts as chemical messengers (MARTINEZ-VIVEROS 
et al., 2010). For their use, plant synthesize these PGRs themselves, but still 
awarded to count with those synthesized by the inhabitants of rhizosphere or 
even from endophytic bacteria which have the ability to produce some PGRs, as 
the auxin IAA (ALI et al., 2010). For this reason, we investigated if our isolate 
GB701is able to produce IAA. 
Generally, IAA synthesis occurs via three alternative pathways using 
tryptophan as the precursor (TAGHAVI et al., 2009), and several bacteria genus 
have been shown to produce IAA in presence of L-tryptophan (ALI et al., 2010; 
DAWWAM et al., 2013). In this study, we confirm the IAA production by 
tryptophan as precursor from our isolate at the concentration of 0.05 µg ml-1. As 
well, many reports mentioned IAA production by different bacteria species  (ALI 
et al., 2010; EGAMBERDIEVA, 2008; MATIRU et al., 2013). From seventy three 
bacteria isolates from rice root, Matiru et al. (2013) identified ten isolates 
capable to produce IAA. Ali et al. (2010) showed IAA production in presence of 
L-trytophan from a range of 1.16-8.22 µg ml-1, from different non-symbiotic plant 
growth promoting rhizobacteria genera. Afterwards, these same bacteria 
showed to increase IAA levels when inoculated with Vigna radiate (L.) seedlings 
in presence of tryptophan, but this increase might have impact negatively, 
because no concurrent increase in shoot length and root growth was observed. 
Taghavi et al. (2009) described IAA production from different endophytic 
bacteria from poplar trees under greenhouse conditions and observed that 
some strains as S. proteamaculans 568, P. putida W619, and Enterobacter sp. 
strain 638 induced rapidly and more denser roots when inoculated with the 
plants. Actually, auxin sensitivity varies from plant to plant and tissues, and 
there is a tiny line from positive to negative impacts through high concentrations 
of IAA (SPAEPEN et al., 2007).      
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Auxin concentration on the medium as well as produced by the plant or 
endophytes has been shown to influence on A. tumefaciens infection process. 
Earlier studies where pre-treatment of explants with either auxin alone or both 
auxin and cytokinin increase T-DNA transfer efficiency and stable 
transformation (LEE et al., 2009; KRENS et al., 1996; CHATEAU et al.,  2000). 
It is believed that the increase in susceptibility is due to induced cell division 
caused by the phytohormones, leading to physiological state modification that 
could influence Agrobacterium attachment and stable transformation, by 
increasing the T-DNA integration (GOHLKE and DEEKEN, 2014).  
It has been shown that indole-3-acetic acid (IAA) has an impact on 
agrobacterial virulence by inhibiting vir gene induction and growth of 
agrobacteria on high concentrations of the auxin (25–250 μM) (LIU and 
NESTER, 2006).  Application of 1 μM IAA, a concentration found in wounded 
and uninfected Arabidopsis stems, stimulated growth of Agrobacterium cells, 
whereas growth stimulation vanished at 10 μM and higher IAA concentrations 
(personal communication, J. Ludwig-Mueller, Technical University Dresden, 
Germany cited by GOHLKE and DEEKEN, 2014). Although our bacteria 
produced IAA at low concentrations, it is to be noticed that the medium 
contained auxin and the explants their selves were probably also synthetizing 
this PGR. 
We could characterize the isolate and suggest that it is probably 
influencing the genetic transformation of our clone BRS07-01. However, one 
question still needs to be answered. Is it possible to micropropagate Eucalyptus 
without endophytic bacteria, or reducing severely their concentration in order to 
undermine their effect on A. tumefaciens growth or virulence without leading the 
plant to death because of its dependence of these bacteria? 
5. CONCLUSION 
We isolated and characterized an endophytic bacteria from Eucalyptus 
urophylla clone BRS07-01 clone and identified it as Stenotrophomonas 
maltophilia. The isolate is able to produce biofilm, which can be acting as a 
physical barrier to Agrobacterium tumefaciens transformation of our clone. 
Although we did not observe antagonistic effect on pareament tests, this genus 
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is known to produce antagonistic compounds against microorganisms and could 
be somehow acting against the virulence of A. tumefaciens. The isolate also 
showed to expressed betaglucuronidase gene, interfering in the histochemical 
assays in transgenic plants of this clone. From the results we suggest that this 
isolate has a negative effect on the genetic transformation of clone BR07-01 by 
rather its physical, chemical or biological characteristics.   
Acknowlegemnt 
We would like to thank Dra. Vânia Vicente to provide the materials and 
equipment for the sequence analysis. And also, would like to acknowledge 
CAPES for the Master scholarship (Coordenação de Aperfeiçoamento de 
Pessoal de Nível Superior) and EMBRAPA Forestry (Empresa Brasileira de 
Pesquisa Agropecuária) for the financial support. 
 
6. REFERENCES  
AHMAD, Z.; LONE, R.; SHUAB, R.; KOUL, K. K. Techneques for the 
Isolation and In-vitro Screening of Plant Growth Promoting Rhizobacteria ( 
PGPR ) from Rhizosphere. Middle-East Journal of Scientific Research, v. 22, 
n. 1, p. 72–77, 2014. 
ALI, B.; SABRI, A. N.; HASNAIN, S. Rhizobacterial potential to alter 
auxin content and growth of Vigna radiata (L.). World Journal of Microbiology 
and Biotechnology, v. 26, n. 8, p. 1379–1384, 2010. 
ALTSCHUL, S. F.; MADDEN, T. L.; SCHAFFER, A. A.; et al. Gapped 
BLAST and PSI-BLAST: a new generation of protein database search 
programs. Nucleic Acids Research, Oxford, v. 25, p. 3389– 402, 1997. 
ARDON, O.; WEIZMAN, H.; LIBMAN, J.; et al. Iron uptake in Ustilago 
maydis: Studies with fluorescent ferrichrome analogues. Microbiology-Uk, v. 
143, p. 3625–3631, 1997. 
ASIF, M.; EUDES, F.; RANDHAWA, H.; et al. Cefotaxime prevents 
microbial contamination and improves microspore embryogenesis in wheat and 
triticale. Plant Cell Rep, v. 31, p. 1637–1646, 2013. 
ASSIH, E. A., OUATTARA, A. S., THIERRY, S., CAYOL, J.-L., LABAT, 
M. & MACARIE, H. Stenotrophomonas acidaminiphila sp. nov., a strictly aerobic 
bacterium isolated from an upflow anaerobic sludge blanket (UASB) reactor. Int 
J Syst Evol Microbiol, v. 52, p. 559–568, 2002. 
BARBOSA, T. M.; SERRA, C. R.; LA RAGIONE, ROBERTO M 
WOODWARD, M. J.; HENRIQUES, A. O. Screening for Bacillus Isolates in the 
Broiler Gastrointestinal Tract. Applied and environmental microbiology, v. 
71, n. 2, p. 968–978, 2005. 
99 
 
BOMBLIES, K.; SHUKLA, V.; GRAJAM, C. Scanning Electron 
Microscopy (SEM) of plant tissues. Cold Spring Harb Protoc, v. 3, n. 4, p. 1–3, 
2008. 
BONFIELD, J.; BEAL, K.; JORDAN, M.; CHEN, Y.; STADEN, R. The 
Staden Package Manual. Copyright, 2002. 
CAREY, S. B.; PAYTON, A. C.; MCDANIEL, S. F. A Method for 
Eliminating Bacterial Contamination from in Vitro Moss Cultures A METHOD 
FOR ELIMINATING BACTERIAL. Applications in Plant Science, v. 3, n. 1, p. 
1–5, 2015. 
CHATEAU, S.; SANGWAN, R. S.; SANGWAN-NORREEL, B. S. 
Competence of Arabidopsis thaliana genotypes and mutants for Agrobacterium 
tumefaciensmediated gene transfer: role of phytohormones. J. Exp. Bot., v. 51, 
p. 1961–1968, 2000. 
CHAURASIA, B.; PANDEY, A.; PALNI, L. M. S.; et al. Diffusible and 
volatile compounds produced by an antagonistic Bacillus subtilis strain cause 
structural deformations in pathogenic fungi in vitro. Microbiological Research, 
v. 160, n. 1, p. 75–81, 2005. 
COENYE, T.; VANLAERE, E.; FALSEN, E.; VANDAMME, P. 
Stenotrophomonas africana Drancourt et al. 1997 is a later synonym of 
Stenotrophomonas maltophilia (Hugh 1981) Palleroni and Bradbury 1993. Int. J. 
Syst. Evol. Microbiol., v.a 54, p. 1235–1237, 2004. 
COMPANT, S.; CLÉMENT, C.; SESSITSCH, A. Plant growth-promoting 
bacteria in the rhizo- and endosphere of plants: Their role, colonization, 
mechanisms involved and prospects for utilization. Soil Biology and 
Biochemistry, v. 42, n. 5, p. 669–678, 2010.  
COSTERTON, J. W.; LEWANDOWSKI, Z.; CALDWELL, D. E.; 
KORBER, D. R.; LAPPIN-SCOTT, H. M. Microbial biofilms. Annual review of 
microbiology, v. 49, p. 711–45, 1995. Disponível em: 
<http://www.annualreviews.org/doi/pdf/10.1146/annurev.mi.49.100195.003431\n
http://www.ncbi.nlm.nih.gov/pubmed/8561477>. . 
DAVEY, M. E.; O’TOOLE, G. A. Microbial biofilms: from ecology to 
molecular genetics. Microbiology and molecular biology reviews, v. 64, n. 4, 
p. 847–67, 2000. Disponível em: 
<http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=99016&tool=pmcent
rez&rendertype=abstract>. . 
DAWWAM, G. E.; ELBELTAGY, A.; EMARA, H. M.; ABBAS, I. H.; 
HASSAN, M. M. Beneficial effect of plant growth promoting bacteria isolated 
from the roots of potato plant. Annals of Agricultural Sciences, v. 58, n. 2, p. 
195–201, 2013. Faculty of Agriculture, Ain Shams University. Disponível em: 
<http://dx.doi.org/10.1016/j.aoas.2013.07.007>. . 
DONG, H.; ZHU, C.; CHEN, J.; et al. Antibacterial activity of 
Stenotrophomonas maltophilia endolysin P28 against both Gram-positive and 
Gram-negative bacteria. Frontiers in Microbiology, v. 6, n. 1299, 2015. 
DONLAN, R. M. Biofilms: Microbial life on surfaces. Emerging 
Infectious Diseases, v. 8, n. 9, p. 881–890, 2002. 
100 
 
DRANCOURT, M.; BOLLET, C.; RAOULT, D. Stenotrophomonas 
africana sp. nov., an Opportunistic Human Pathogen in Africa. Int J Syst Evol 
Microbiol, v. 47, p. 160–163, 1997. 
DUNNE JR, W. M. Bacterial Adhesion: Seen Any Good Bio lms Lately? 
Clinical Microbiology Reviews, v. 15, n. 2, p. 155–166, 2002. 
EGAMBERDIEVA, D. Plant Growth Promoting Properties of 
Rhizobacteria Isolated from Wheat and Pea Grown in Loamy Sand Soil. Turk J 
Biol, v. 32, p. 9–15, 2008. 
FIOR, S.; GEROLA, P. D. Impact of ubiquitous inhibitors on the GUS 
gene reporter system: evidence from the model plants Arabidopsis, tobacco and 
rice and correction methods for quantitative assays of transgenic and 
endogenous GUS. Plant methods, v. 5, p. 19, 2009.  
FISCHETTI, V. A. Bacteriophage endolysins: a novel anti-infective to 
control 368 Gram-positive pathogens. Int. J. Med. Microbiol., v. 300, p. 357–
362, 2010. 
GILBERT, P.; DAS, J.; FOLEY, I. Biofilms susceptibility to 
antimicrobials. Adv. Dent. Res., v. 11, p. 160–167, 1997. 
GILISSEN, L.; METZ, P.; STIEKEMA, W.; NAP, J. Biosafety of E. coli 
beta- glucuronidase (GUS) in plants. Transgenic Res, v. 7, p. 157–163, 1998. 
GOHLKE, J.; DEEKEN, R. Plant responses to Agrobacterium 
tumefaciens and crown gall development. Front. Front. Plant Sci., v. 5, n. 155, 
p. 11, 2014. 
GUNSON, H. E.; SPENCER-PHILLIPS, P. T. N. Latent bacterial 
infections: epiphytes and endophytes as contaminants of micro propagated 
plants. In: J. R. Nicholas (Org.); Physiology, growt and development of 
plants in culture. p.379–396, 1994.  
HADDAD, N.; KRIMI, Z.; RAIO, A. Endophytic bacteria from weeds 
promote growth of tomato plants in vitro and in greenhouse . Endophytes in 
Biotechnology and Agriculture, p. 1, 2013.  
HAKIZIMANA, J. D.; GRYZENHOUT, M.; COUTINHO, T. A.; VAN DEN 
BERG, N. Endophytic diversity in Persea americana (avocado) trees and their 
ability to display biocontrol activity against Phytophthora cinnamom. 
Proceedings VII World Avocado Congress 2011, p. 1–10, 2011. 
HEYLEN, Kim; VANPARYS, Bram; PEIRSEGAELE, Filip; LEBBE, 
Liesbeth and VOS, Paul De. Stenotrophomonas terrae sp. nov. and 
Stenotrophomonas humi sp. nov., two nitrate-reducing bacteria isolated from 
soil Kim. International Journal of Systematic and Evolutionary 
Microbiology, v. 57, p. 2056–2061, 2007. 
HRYNKIEWICZ, K.; BAUM, C. The Potential of Rhizosphere 
Microorganisms to Promote the Plant Growth in Disturbed Soils. In: A. Malik; E. 
Grohmann (Orgs.); Environmental Protection Strategies for Sustainable 
Development. Hardcover. p.606, 2012.  
HU, C. Y.; CHEE, P. P.; CHESNEY, R. H.; et al. Intrinsic GUS-like 
activities in seed plants. Plant cell reports, v. 9, n. 1, p. 1–5, 1990.  
101 
 
HUNG, P. Q.; ANNAPURNA, K. ISOLATION AND 
CHARACTERIZATION OF ENDOPHYTIC BACTERIA IN SOYBEAN ( 
GLYCINE SP .). , v. 101, p. 92–101, 2004. 
JAKOBI, M.; WINKELMANN, G.; KAISER, D.; et al. Maltophilin: a new 
antifungal compound produced by Stenotrophomonas maltophilia R3089. The 
Journal of antibiotics, v. 49, n. 11, p. 1101–4, 1996.  
JEFFERSON, R. A. EXPERIMENTAL PROTOCOLS: Assaying 
Chimeric Genes in Plants: The GUS Gene Fusion System. Plant Molecular 
Biology Reporter, v. 5, n. i, p. 387–405, 1987. 
JENA, R. C.; SAMAL, K. C. Endogenous microbial contamination during 
In vitro culture of sweet potato [ Ipomoea batatas ( L .) Lam ]: identification and 
prevention. , v. 7, n. 6, p. 1725–1731, 2011. 
KAPARULLINA, E.; DORONINA, N.; CHISTYAKOVA, T.; 
TROTSENKO, Y. Stenotrophomonas chelatiphaga sp. nov., a new aerobic 
EDTA-degrading bacterium. Systematic and Applied Microbiology, v. 32, n. 
3, p. 157–162, 2009. 
KRENS, F. A.; TRIFONOVA, A.; PAUL KEIZER, L. C.; HALL, R. D. The 
effect of exogenously-applied phytohormones on gene transfer efficiency in 
sugarbeet (Beta vulgaris L.). Plant Sci., v. 116, p. 97–106, 1996. 
LEE, C.-W.; EFETOVA, M.; ENGELMANN, J. C.; et al. Agrobacterium 
tumefaciens promotes tumor induction by modulating pathogen defense in 
Arabidopsis thaliana. The Plant cell, v. 21, n. 9, p. 2948–62, 2009.  
LEIFERT, C.; WAITES, W.; NICHOLAS, J.; KEETLEY, J. Yeast 
contaminants of micro propagated plant cultures. J Appl Bacteriol, v. 69, p. 
471–476, 1990. 
LIU, J.; CHEN, P.; ZHENG, C.; HUANG, Y.-P. Characterization of 
Maltocin P28, a Novel Phage Tail-Like Bacteriocin from Stenotrophomonas 
maltophilia. Applied and Environmental Microbiology, v. 79, n. 18, p. 5593–
5600, 2013. 
LIU, P.; NESTER, E. W. Indoleacetic acid, a product of transferred 
DNA, inhibits vir gene expression and growth of Agrobacterium tumefaciens 
C58. Proc. Natl. Acad. Sci. U.S.A., v. 103, p. 4658–4662, 2006. 
LLOYD, G.; MCCOWN, B. Commercially-feasible micropropagation of 
Mountain laurel, Kalmia latifolia, by use of shoot tip culture. Int. Plant Prop. 
Soc. Proc., v. 30, p. 421–427, 1981. 
LUNA, C.; ACEVEDO, R.; COLLAVINO, M.; et al. Endophytic bacteria 
from Ilex paraguariensis shoot cultures : localization , characterization , and 
response to isothiazolone biocides. In Vitro Cell Dev. Biol., v. 49, p. 326–332, 
2013. 
MARTINEZ-VIVEROS, O.; JORQUERA, M. A.; CROWLEY, D. E.; 
GAJARDO, G.; MORA, M. L. Mechanisms and practical considerations involved 
in plant growth promotion by rhizobacteria. Soil Sci. Plant Nutr., v. 10, n. 3, p. 
293–319, 2010. 
MATIRU, V. N.; NG, J.; NYAMBATI, V. C. S. Isolation and 
102 
 
Characterisation of Bacterial Root Endophytes with Potential to Enhance Plant 
Growth from Kenyan Basmati Rice. American International Journal of 
Contemporary Research, v. 3, n. 4, p. 25–40, 2013. 
MESSIHA, N. A. S.; VAN DIEPENINGEN,  A. D.; FARAG, N. S.; et al. 
Stenotrophomonas maltophilia: a new potential biocontrol agent of Ralstonia 
solanacearum, causal agent of potato brown rot. European Journal of Plant 
Pathology, v. 118, n. 3, p. 211–225, 2007.  
MIKI, B.; MCHUGH, S. Selectable marker genes in transgenic plants: 
applications, alternatives and biosafety. Journal of Biotechnology, v. 107, p. 
193–232, 2004. 
MURASHIGE, T.; SKOOG, F. A revised medium for rapid growth and 
bioassays with tobacco tissue cultures. Phisiol. Plant, v. 15, p. 473– 497, 1962. 
POMPILIO, A.; CROCETTA, V.; CONFALONE, P.; et al. Adhesion to 
and biofilm formation on IB3-1 bronchial cells by Stenotrophomonas maltophilia 
isolates from cystic fibrosis patients. BMC microbiology, v. 10, p. 102, 2010.  
RAINERI, D.; BOTTINO, P.; GORDON, M.; NESTER, E. Agrobacte- 
rium-mediated transformation of Oryza sativa (Oriza sativa L.). Biotechnology, 
v. 8, p. 33–38, 1990. 
RYAN, R. P.; MONCHY, S.; CARDINALE, M.; et al. The versatility and 
adaptation of bacteria from the genus Stenotrophomonas. Nature reviews. 
Microbiology, v. 7, n. 7, p. 514–525, 2009. Nature Publishing Group.  
SAMBROOK, J.; FRITSCH, E. F.; MANIATIS, T.; SPRING, H. L. C. 
Molecular Cloning: A Laboratory Manual. 2nd ed. ed. Colc Spring Harbor, N. 
Y.: Cold Spring Harbor Laboratory Press, 1989. 
SILVA, M. S.; DE SOUZA, A. A; TAKITA, M. A; LABATE, C. A; 
MACHADO, M. A. Analysis of the biofilm proteome of Xylella fastidiosa. 
Proteome Science, v. 9, n. 1, p. 58, 2011.  
SOLÍS-RAMOS, L. Y.; GONZÁLEZ-ESTRADA, T.; ANDRADE-
TORRES, A.; GODOY-HERNÁNDEZ, G.; CASTAÑO DE LA SERNA, E. 
Endogenous GUS-like activity in Capsicum chinense Jacq. Electronic Journal 
of Biotechnology, v. 13, n. 4, 2010.  
SPAEPEN, S.; VANDERLEYDEN, J.; REMANS, R. Indole-3-acetic acid 
in microbial and microorganism-plant signaling. FEMS Microbiol Rev 31:425–
448. FEMS Microbiol Rev, v. 31, p. 425–448, 2007. 
SUDAN, C.; PRAKASH, S.; BHOMKAR, P.; JAIN, S.; BHALLA-SARIN, 
N. Ubiquitous presence of beta-glucuronidase (GUS) in plants and its regulation 
in some model plants. Planta, v. 224, n. 4, p. 853–64, 2006.  
TAGHAVI, S.; GARAFOLA, C.; MONCHY, S.; NEWMAN, L.; 
HOFFMAN,  A.; et al. Genome Survey and Characterization of Endophytic 
Bacteria Exhibiting a Beneficial Effect on Growth and Development of Poplar 
Trees. Applied and Environmental Microbiology, v. 75, n. 3, p. 748–757, 
2009.  
TAGHAVI, S.; GARAFOLA, C.; MONCHY, S.; NEWMAN, L.; 
HOFFMAN, A.; et al. Genome survey and characterization of endophytic 
103 
 
bacteria exhibiting a beneficial effect on growth and development of poplar. 
Appl. Environ. Microbiol., v. 75, p. 748–757, 2009. 
TAMURA, K.; PETERSON, D.; PETERSON, N.; et al. MEGA5: 
molecular evolutionary genetics analysis using maximum likelihood, 
evolutionary distance, and maximum parsimony methods. Molecular Biology 
and Evolution, v. 28, n. 10, p. 2731–9, 2011. 
TOR, M. Endophytic bacteria expressing beta-glucuronidase cause 
false positives in transformtion of Dioscorea species. Plant Cell Rep, v. 11, p. 
452–456, 1992. 
ULRICH, K.; STAUBER, T.; EWALD, D. Paenibacillus—a predominant 
endophytic bacterium colonising tissue cultures of woody plants. Plant Cell, 
Tissue and Organ Culture, v. 93, n. 3, p. 347–351, 2008.  
ULRICH, K.; ULRICH, A.; DIETRICH, E. Diversity of endophytic 
bacterial communities in poplar grown under field conditions. FEMS Microbiol 
Ecol, v. 63, p. 169–180, 2008. 
VAN DER LELIE, D.; TAGHAVI, S.; MONCHY, S.; et al. Poplar and its 
Bacterial Endophytes: Coexistence and Harmony. Critical Reviews in Plant 
Sciences, v. 28, n. 5, p. 346–358, 2009.  
VICENTE, V. A.; ATTILI-ANGELIS, D.; PIE, M. R.; et al. Environmental 
isolation of black yeast-like fungi involved in human infection. Studies in 
Mycology, p. 137–144, 2008. 
WEISBURG, W. G.; BARNS, S. M.; PELLETIER, D. A.; LANE,  AND D. 
J. 16S ribosomal DNA amplification for phylogenetic study. J. Bacteriol., v. 173, 
p. 697– 703, 1991. 
WILSON, K.; JEFFERSON, R.; HUGHES, S. The Escherichia coli gus 
operon: Induction and expression of the gus operon in Escheri- chia coli and the 
occurrence and use of GUS in other bacteria. In: S. Gallagher (Org.); GUS 
Protocls: Using the GUS gene as report. New York, NY: Academic Press I. 
p.7– 40, 1992. nc. 
WOLF, A., FRITZE, A., HAGEMANN, M. & BERG, G.  
Stenotrophomonas rhizophila sp. nov., a novel plant-associated bacterium with 
antifungal properties. Int J Syst Evol Microbiol., v. 52, p.1937–1944, 2002. 
XIONG, A.-S.; PENG, R.-H.; ZHUANG, J.; et al. A thermostable β-
glucuronidase obtained by directed evolution as a reporter gene in transgenic 
plants. PloS one, v. 6, n. 11, p. e26773, 2011.  
YU, Y.; WEI, Z. Influences of cefotaxime and carbenicillin on plant 
regeneration from wheat mature embryos. Biol Plant, v. 52, p. 553–556, 2008. 
ZHUANG, X.; CHEN, J.; SHIM, H.; BAI, Z. New advances in plant 








Table. 1. Deviations values of statistical test and significance levels from 
the experiment evaluating the effect of Kanamycin as selective agents on 




















 descriptive no significant level of 5% probability; ** Significant at 1% probability; *** 
Significant at 0.1% probability; 
 
Table. 2. Deviations values of statistical test and significance levels from 
the  Experiment evaluating the effect of Kanamycin as selective agents on 




















 descriptive no significant level of 5% probability; *Significant at 5% probability, ** 









Table 3. Deviations values of statistical test and significance levels from 
the  Experiment evaluating the effect of Geneticin as selective agents on 




















 descriptive no significant level of 5% probability; ** Significant at 1% probability; *** 
Significant at 0.1% probability; 
Table 4. Deviations values of statistical test and significance levels from 
the  Experiment evaluating the effect of Geneticin as selective agents on 



















ns descriptive no significant level of 5% probability; * Significant at 5% probability, ** 
Significant at 1% probability; *** Significant at 0.1% probability; 
 
 
